Spectroscopic Study of Some Diatomic Molecules by Kishore, Ram
SPECTROSCOPIC STUDY OF SOME 
DIATOMIC MOLECULES 
RAM KISHORE 
Thesis Submitted in the Partial Fulfilment of the Requirements for 
the Award of the Degree of Doctor of Philosophy of 
ALIGARH MUSLIM UNIVERSITY 
ALIGARH (INDIA) 
1970 
T T933 
Certified that the work presented in this 
thesis is the original work of Mr. Raia Kishore, 
done under lay supervision. 
Department of Physics, (BAIJ lATH KHAMA) 
Aligarh Muslim University, 
Aligarh.(U.P.), 
INDIA. 
PREFACE 
The thesis concerns with the emission spectra of 
silicon mooochlcride, germanium monochloride and silicon 
monobromide molecules. The relative vibrational transi-
tion probabilities for A-X systemsof monofluorides of 
beryllium and boron have also been included. 
Chapter I deals with the vibrational and rotational 
analyses of the bands of B-X system of the SiCl molecule. 
The bands have been recorded in the first and third orders 
of the Jarrell-Ash grating spectrograph. The upper 
state vibrational constants are modified. The rotational 
structure-, of (1,0), C0»0)» C0$1 ) bands of subsystem 
2 2 B-X TT5/2 baod of subsystem B -X 
been studied. The results on the bands of subsystem 
B-X ^ TT tisve published in Curr. Sci 38, 361, 1969. 
Chapter II deals with the vibrational and rotational 
analyses of the B-X system of the GeCl molecule. The bands 
are recorded in the first order of the Jarrel-Ash grating 
spectrograph. The vibrational constants of the upper 
state have been modified. The (0,1) and (0,0) bands of 
subsystem B-X been recorded in the fourth order 
and the rotational analysis of these bands is performed 
for the first time. The results on the B-X system of GeCl 
molecule have been communicated for publication in Ind. J. 
Pure and Appl, Phys. 
Chapter III deals with the vibrational and rotational 
analyses for the ultraviolet bands of the SiBr molecule, 
They are photographed in the first and fourth orders of the 
Jarrell-Ash grating spectrograph. The rotational analysis 
of (0,2) and (0,3) bands has be JO performed for the first 
time. 
Chapter IV discusses the relative vibrational 
transition probabilities for the bands of A-X systems of the 
monofluorides of beryllium and boron. The r-centroids for 
the same systems are also evaluated graphically and the 
variation of electronic transition moment with the internuclear 
separation is discussed. The results on BeF molecule have 
been published in Ind. J. Pure and Appl, Phys X» 63, 1969-
and on BF molecule in the J.Q.S.R.T., 10, 903, 1970. 
The different chapters of this thesis are written in 
the form suitable for publication. Each chapter contains a 
separate introduction and abstract. Therefore the general 
introduction .ig not given. 
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CHAPTER I 
The B-X system of the SiCl molecule . 
ABSTRACT 
The emission spectrum of the SiCl molecule, lying 
o 
in the region XX^IYu - 2YY0 A, has fceen obtained. The 
vibrational constants ol'the upper electronic state are 
modified as a result of which the band heads of the B-X 
system caji be represented by -
-(b':54.8 u" - 2.1 u"^) 
where u = v + 1/2 
The fine structure of a few bands of the B-X system 
has been photographed at a high resolution also and the 
rotational analysis of (l,0), (u,0), (u,1) bands of sub-p 
system B-X TV ^^^ that of (u,(j) band of subsystem 
B-X^TV performed. The constants obtainea-\oYCV 
are as lollov/s : 
States B^ Ccm~'') r^cl) iCcm"''} «=((cm~''} D(cm"'') O O G 
X^TT.^/2 2.0!?7 - O.UU25 x 
1/2 0.2551 - - - -
B^ 2 o.2Ytt2 i.yYi o.uoys O.UOIt) 2.1 X 10""'^  
The system has been assigned as arising due to the 
B -X^ "U (a) transition. 
INTRODUOIION 
2 A Hground state of the monohalides of fourth group 
elements can, as Morgan^ had suggested, be espected from 
the electronic configurations of the atomic ground states, 
n O namely np (^P) with n = 2,3,4,5 and 6 for C, Si, 
Ge, Sn and Pb respectively and np^ ^^inv^ with 
n ss 2,3,4 and 5 for F, CI, Br and I respectively. 
2 3 Jevons and Ferguson''^  observed and analysed the two 
ultraviolet band systems of the SnCl molecule, with theCO^O) 
bands at ^ )^ 5198, 2973 % and XX3761, 3487 1 as arising due 
2 2 2 2 4-to I.— T\ana A- transitions respectively. Ne!X;3min", by 
observing the former system 
in fluorescence, iden-
tified the common lower electronic state as the ground state 
of the Sn CI molecule, t^he doublet electronic separation of 2 —1 the IT ground state was estimated to be about 2360 cm" • 
c 
Johnson and Jenkins"' for the first time obtained the 
emission spectrum of the SiP molecule. Asundi^ recorded the 
spectrum of the SiP molecule again and identified three 
systems, having(0>-0) bands at XX 4270, 4241 i,>X2893, 2880 £ 
andXX2539, 2529 £ as A ^Tl- X T^T , B X ^TTand 
C X ^ respectively. The common lower electronic state 
of each of these systems was recognized as the ground state 
of the SiP.' molecule with the doublet separation of 161 cm"^. 
1 1 8 9 The ^ ork of Morgan » Rochester and Popov * put an 
abundant proof to the fact that the lower electronic state 
of each of the visible band systems of PbFtji PbCl and PbBr 
molecules, occupying the regions 5277 - 4110 XX 5170 -
4108 £ and>>s5320 - 4482 % respectively, could be easily 
identified as the ground state. The doublet separation of 
the ground state of the PbCl molecule was estimated to be 
about 7000 cm"^. 
The emission spectrum of the SiCl molecule lying in. 
the region >X3118 - 2200 i was obtained for the first time 
by Jevons^^'^^ in the presence of active nitrogen as well as 
in an uncondensed induction coil discharge. The violet degraded 
bands were classified into two groups A and B located on 
either side of the AlCl impurity bands which were present 
due to the use of Alminiiam electrodes. The constant separa-
tions of about 205 cm""^  between the sub-bands of group A and 
of 195 cm"^ between the sub-bands of group B were also 
12 
estimated. Datta obtained the bands of group A in the hi#. 
voltage transformer discharge and found that the two heads 
of each band were 5 to 8 apart. The vibrational frequen-
cies of the lower and upper states were estimated to be 525 cm 
and 700 cm"^ respectively. 
1 
Jevons ^ repho to graphed the emission spectrum of the 
SiCl molecule lying in the region >s>3118 - 2200 S in a hi^ 
-1 
§ 
current transformer discharge. The discharge carried a current 
of 0«25 to 0.40 ampere at 2400 volts from the secondary of 
a transformer. The bands were classified into three separate 
systems i.e. B~X, C-X and D-X with(O^-O)bands at 2942, 
2924 i,^X2435,. 2424 X andXX225l, 2221 i respectively. 
The common lower electronic state X could not be identi-
fied as the ground state of the SiCl molecule merely from 
the emission data until the bands ( \X3118 - 2770 1 ) were 
observed by Thrush^^ using flash photolysis technique. The 
sub-bands in each of the B-X and D-X systems were separated 
p 
by 207.9 cm" , the doublet separation of the Tlground state 
of SiCl. The observed separation between the sub-bands of 
the C-X system was found to be 194.9 cm"^ where the difference 
of 13,0 cm"^ (207.9 - 194.9) was accounted as the doublet 
separation of the electronic state C. 
Datta^^ had assigned the bands at 2822 X , 2806 £ and 
2783 2766 A as (2,0) and (3»0) bands of the B-X system. 
15 
Jevons disagreed with these assignments on the grouna that 
they, unlike the established bands of the B-X system, did 
not show any trace of resolution. However the doublet separa-
tion of 207 cm*"^  confirmed that the bands were certainly emitted by the SiCl molecule. A large niimber of workers, e.g. 
Garg^^, Barrow et all^ and Thrush^^ studied the various 
17 aspects of these bands. later Verma ' photographed some of them 
13 
at a higher resolution and concluded that the bands lying in 
the region XX 2880 - 2770 £ were due to a new transition 
B' ^ A(^) - X The vibrational scheme was also given^ *^ . 
13 
The vibrational constants of the upper electronic state 
of the B-X system could not be. determined accurately because 
the transitions involving v'^2 were not observed. The same 
system is, therefore, recorded in the presence of argon at 
the reciprocal dispersion of 5.0 £/mm. Pew additional 
transitions from the vibrational levels v'^ 2 are observed 
which have facilitated the determination of the upper state 
vibrational constants more accurately. 
18 
Ovcharenko had photographed (1,0), (0,0) and (0,1) 
bands of the B-X system of the SiCl molecule at a high resolu-
tion and studied their rotational structures. He had reported 
that each band consists of P,Q and R branches and the system 2 + 2-t— 
was assigned to be due to the B - X U(a) transition. 
The total number of branches in each band of euch a transi-
tion is expected to be even more as was shown recently by 
Sin^ et ali^ in the rotational analysis of the (0,0) band 
of the ^-system of the SiF molecule. 
The B-X system is, therefore, rephotographed in the 
third order of a Jarrell-Ash grating spectrograph and the 
rotational structures of (1,0), (0,0) and (0,1) bands of the 
2 2 B-X TT5/2 subsystem as well as of the (0,0) band of B-X ^1/2 
subsystem are studied carefully. The bands are found to consist 
14 
Of more than three branches which had facilitated the 
determination of some other molecular constants. The results 
20 have been published by Mishra and Khanna * 
This chapter deals with the vibrational and rotational 
analyses of the B-X system of the SlCl molecule* 
EXPERIMENTAL PROCEDURE 
The emission spectrum of the SiCl molecule lying in the 
region 3120 - 2770 1 has been excited in the presence of 
argon using a high frequency oscillator. A fresh mixture of 
argon and silicon tetrachloride is introduced in the discharge 
tube after each ten or fifteen minutes. The discharge is 
maintained in an electrodeless discharge tube having 100.0 mm 
length and 5«0 mm diameter. A nail trap arrangement is used 
in between the sample and the discharge tube to regulate the 
pressure inside the tube. A liquid nitrogen trap has been 
found necessary before the rotary pump to protect its oil 
from contamination. The bands are photographed under closed 
conditions in the first order of a Jarrell-Ash grating 
spectrograph (having 15,000 lines per inch) at the reciprocal 
dispersion of 5.0 i/mm. These plates were found suitable for the 
vibrational analysis of the syston under corjsideration. The 
exposure time required to record the spectrum in the first 
order is about thirty minutes. 
15 
To record the spectrum in the third order of the 
Jarrell-Ash grating spectrograph, the bands are excited in 
a discharge tuhe similar to that discrihed above throu^ 
which vapour.! of SiCl^ As^ ' continuously flowing. The recipro-
cal dispersion in the third order is about 0.7 £/mm» The 
grating used in this case has 30,000 lines per inch and is 
blazed at 1 fv in the first order. The exposure time required 
to record the spectrum is about nine hours on the Ilford Q-1 
plate • 
The measurements have been done with the Carl-Zeiss Abbe 
comparator using iron lines as standard, ^ he wave lengths of 
21 the iron lines are taken from the M.I.T. Wavelength Table . 
The vacuum wave numbers of the lines are obtained from the 
22 
Table of Wavenumbers (N.B.S. ). The accuracy of measurements 
for band heads is of the order of + 0.5 cm"^ while the accuracy 
of ? measurements for sharp and diffuse lines is of the 
order of + 0.08 cm~^ and + 0.18 cm~^ respectively. 
VIBRATIOmi ANALYSIS 
The enlargement of the spectrum recorded in the first 
order of the Jarrell-Ash grating spectrograph is shown in 
Pig.l. The spectrum lying in the region XX 3120 - 2770 1 
consists of violet degraded bands. The separations between 
the two heads of each band .of the B-X system are found to 
lie within 5 to 8 cm . The two heads of each band are 
H« w 
1-3 B" A «» 
s H-a » H-g 
CO •c B n 
o 
H> 
CO a 
H-P 
Ct-f® 
<» 
H-o 3 CO 
8 
o o 
9 
therefore assigned as the characteristic heads of the transi-
tion involved. We would be subsequently calling subsystems 
B-X TI5/2 ^ ^ ^1/2 subsystems I and II respectively* 
The vacuum wavenumbers, vibrational assignments and the visually 
estimated intensities of ail the bands are given in Table I. 
13 
The positions of the bands observed by Jevons are also 
included in the table for comparis^on. Some new bands e.g. 
(1^6), (0,4), (2,2) and (2,1) of subsystem I and (l,fo), (0,4), 
(2,2), (2,1) and (3,1) of subsystem II are observed apart from 13 
those observed by Jevons It is believM that these additional 
bands have helped in obtaining the vibrational constants of 
the upper electronic state B to a better accuracy, ^ he positions 
of the band heads of both thfe subsystems of the ^^Si ^^Cl 
molecule can be fairly well represented by : 
V = ^389512^ (708.1 u' - 4.2 u'^) - (534.8 u" - 2.1 u"^) 
( 1 ) 
where u s • 
ISOTOPIC SHIFTS 
The natural abundances of the isotopes of silicon and 
chlorine atoms are in the following ratios : 
^®Si : ^^Si : = 100 : 6.9 : 4.7 
and 
^^Cl : « 100 : 31.4 
10 
TABLE I 
Band head data for the B-X system of the SiCl molecule* 
Suhsystem \ji yt» Intensity 
(Present) (Jevons) 
I 1 6 0 31560.7 
II 1 6 0 31764.8 
I 0 4 1 (31879.7 (32069.7 
II 1 5 2 (32064.1 (32069.3 
(32064.4 
(32068.7 
II 0 4 1 320920 
I 1 5 2 (32267.9 (32275.9 (32274.2 
I 0 3 3 (32398.2 (32399.1 
I 1 4 
II 0 3 
II 1 4 
I 0 2 
I 1 3 
II 0 2 
II 1 3 
I 0 1 
4 
3 
4 
5 
4 
5 
4 
8 
(32403.9 
(32579.6 
(32584.7 
(32603.7 
(32608»8 
(32784.8 
(32789.3 
(32920.9 
(32926.4 
(33098.0 
(33103.2 
(33127.8 
(33131.9 
(33303.6 
03310,8 
(33447.9 
(33453.5 
(32404.1 
(32577.1 
(32585.4 
(32608.8 
(32785.3 
(32790*5 
(32922.3 
(32926.2 
(33097.4 
(33102*4 
(33128.7 
(33133.2 
(33304.4 
(33310.4 
(33448.3 
(33454.2 
Cpmtd. 
11 
Subsystem f^* Int ens ity Vyac ^ ^ ^  
(Present) (Jevons) 
I 1 2 5 
II 0 1 8 
II 1 2 5 
I 0 0 10 
II 0 0 10 
I 2 2 2 
II 2 2 2 
I 1 0 9 
I 2 1 3 
II 1 - 0 9 
II 2 1 3 
II 3 1 1 
I stands for 1 V - X ' 
II s tands for B 
(35619.7 
(33b25»2 
(33653.8 
(33658.8 
(33827.1 
(33831.2 
(33977.5 
(33983.3 
(34184.9 
(34190.1 
(34316.4 
(34516.4 
(34523.0 
(54678,2 
(34683.6 
(34835.5 
(34841.9 
(34884.6 
04890.6 
(35043.2 
(35048.5 
(35725.8 
(35731.4 
33621.0 
P3655.9 (33660.1 
(33831.0 
(33978.4 
(33904.4 
(34185.3 
(34190.7 
(34b76.9 
(34683.5 
(34884.1 
(34890.4 
3/2 
1/2 
12 
Therefore the ahxmdance ratios of the possible isotopic 
species in the natural SiCl molecule are : 
^^Cl : "^^ Cl a 100 s 31.4 : 6.9 : 2.1 : 4.7 : 1.5 
Each band corresponding to the most abundant molecule 
28 35 
Si CI should atleast be accompanied with the band due to 
the molecule having 31.4 ^  abundance of that of 
the most abundant molecule, provided we consider the abundances 
of the other species to be negligible. The observed shift of 
9.5 cm"^ between the heads of ^^Cl and molecules 
in the (1,0) band is in very good agreement with the calculated 
value obtained with the help of the following expression. 
where f « j S . 
JL and jJ^  are the reduced masses of the li^tef and 
heavier isotopic molecules respectively, ^ he isotopic shift 
in the (0,0) band has not been observed in the spectrum 
recorded in the first order* '^'he calculated values of the 
isotopic shifts for (1,0), (0,0) and (0,1) bands 
- 1 - 1 - 1 are + 9.3 cm , + 1.0 cm and - 5.2 cm respectively, where 
U"^  corresponds to the band head position of the heavier 
o 0 
molecule. The iDancls of the B'-X system are also shown in 
Figure 1. The vacuum wavenumbers, vibrational assignments 
and visually estimated intensities of the hands of the B'-X 
system are given in Table II. The present measurements are 
17 
compared with the data of Verma • Apart from all the bands 
reported by him, the (3»3) and (3,2) bands of both the 
subsystems are also observed for the first time. 
ROTATIONAL STSUCTUBE 
It has been pointed out earlier that bands of the B-X 
system of the SiOl molecule show two heads. This along with 
the fact that the bands show strong Q branches (Pigs» 2t3y4 & 5) 
leads one to believe that the probable transition for the 
B-X system is or 'Pot a small spin 
2 2 2 splitting in the A state, the bands belonging to X.- "W 
2 2 
or A - T\ transition are indistinguishable unless an 
appreciable K-type doubling is observed for the later case, su-b- 2» 2 -T-t which is maximxim in the bands of;^ sy8tem Z^- ^1/2* 
In the transition.- ^X ~ ox "^W where T^T 
belongs to Hund'scase (a), the following branches are expected: 
H-j» Q-j» 1*1 ' ' 
and 
Rg* ^2* ^2* "^ 12' ^12 
14 
TABLE II 
Band head data for the B'- X system of the Si Ci moleciile^  
Subsystaa v» V" Intensity 
(Present) (Verma) 
I 3 3 2 35298.5 
I 2 2 5 35343.1 35341.7 
I 1 1 8 35381.4 35379.8 
I 0 0 9 35412.5 35411.2 
II 3 3 2 35505.6 
II 2 2 5 35549.7 35548.5 
II 1 1 8 355«8,1 35588.5 
II 0 0 9 35620.8 35617.8 
I 3 2 1 35821.4 
I 2 1 4 35870.0 35868.5 
I 1 0 4 35912.7 35911.1 
II 3 2 1 36029.1 
II 2 1 3 36079.7 36075.2 
II 1 0 3 36120.5 36117.7 
II — Stands for B'^A- ^Tl^/g * 
I — Stands for B' ^A- 3/2 • 
15 
The first six "branches occur in the bands of subsystem II 
and the latter six in the bands of subsystem I. 
23 Following Mulliken , the head forming branches in the 
T> Q 
bands of subsystem I are Q^g and P^^ of subsystem II 
are P^, ^^ Pg^  and Q^  when B'> B". The heads are furraed on 
the other branches when B'<B" i.e. when the bands are 
degraded to red. 
As the bands of the B-X system of the SiCl molecule 
are violet degraded, the heads are expected to be formed by 
P^, ^Pi2 ^ P^» ^^ bands of 
subsystems I and II respectively. 
p 
The heaas due to the P^ and "branches in the band'i 
of subsystem I and due to Q^  and branches in the bands 
of subsystem II are not resolved. This can be seen rrom 
Pigs. and This indicates that the spin splitting 2 in the initial state is too small for it to be a A state. 
1 n Verma , while discussing the structure or the bands of B'-X 
p 
transition where the heads due to Pg and Q^g "branches 
were clearly resolved, pointed out that the initial state 
of the B'-X system could not be assigned as ^ f o r 
such a large spin splitting that he had observed in the bands 
of B'-X system. Therefore for similar reasons^^ the initial 
state of the B-X system may be regarded as H , which 
13! Oq 
t-3 CJ* (t> 
P 
TO 
1 
(D 
^ 
O H> 
C+ 
o 
o 
o H, 
DO to 
M, 
CO 
CO 
(a & 
ta *< M Ct (D 3 
O •-ti 
CO 
s H 
-J J 
Ul 
I 
-J 
o on 
cr^  o 
UA 
CD 
6i 
16 
generally exists in Hund's case (b). The most probable 
transition for the present system of SiCl molecule can be 
2 2 The parity of the electronic state 
2 
B 1 may be assigned only by inspecting the nature of the 
combination differences. 
DESCRIPTION OF THE BAM)S 
(0,0) band of subsystem I. 
The enlargement of the (0,0) band of subsystem I, 
recorded in the third order of the Jarrell-Ash grating 
spectrograph, is shown in Fig. 2. The heads due to Si G1 
and Si CI molecules are shown in the same figure. The 
observed isotppic shift of + 1.1 cm"^ is in close agreement 
with the calculated value of + 1.0 cm"\ The branches 'fehat 
-a^e-picked out for the most abundant molecule are Pg* 1^ 2' '^2 
and '^12 while Qg is the only branch that has been observed 
for the isotopic molecule "^^ Cl. The lines of the 
0 P 
satellite branches P^g most abundant molecule 
have not been observed. The vacuum wavenumbers and the 
assignments of the branches are given in Table III. 
(0,0) band of subsystem II. 
The enlargement of the third order spectrum of the (0,0) 
band of subsystem II is shown in Fig. 3» The two strong heads 
are assigned as Q-j and P^ due to the most abundant molecule 
26 
on 
cW 
§ 
P» 
<ni 0) 
i P <+ 
o H> 
O 
O 
s 
o 
M 
M 
M 
mH 
I w <+ 
(D 0 
o 
CO 
17 
TABLE III 
Taouum kfave-numbers (in cm"^) and rotational assignments 
for the (0,0) band of subsjrstem I. 
J-i P2 Q2 R2 S2 4 
50 - 34047.22 54076.29 
51 - 49.68 79.24 
52 - 52.15 82.30 
53 - 54.64 85.39 
54 34026.36 57.12 8 8 . 4 6 
55 28.30 59.68 91.75 
56 3 0 . 4 0 62.33 94.93 
57 32.50 65.07 98.16 
58 34.70 67.86 ^4101.34 
59 36.93 70.60 04.61 
60 39.20 73.35 08.01 
b1 41.52 76.29 11.57 
f62 43.88 79.24 15.17 
63 46.32 82.30 18.78 
64 48.81 85.39 22.39 
65 51.38 88.46 25.96 
66 54.04 91.58 29.61 
67 56.79 94.76 33.35 
68 59.55 97.98 37.13 
69 62.25 34101.24 4 0 . 9 1 
corresponds to the Q^ branch for the isotopic moleoule^®Si^'^G 
Contd 
J-i ^2 Q2 ^2 % 4 
s 71 67.86 07.84 48.76 08.44 07.00 
72 70.60 11.15 52.72 11.87 10.50 
73 73.35 14.59 56.68 15.22 13.95 
74 18.09 60.71 19.02 17.30 
75 21.69 64.81 22.60 20.64 
76 25.35 68.96 26.24 24.21 
77 29.04 29.94 27.79 
78 32.78 33.63 31.45 
79 36.46 37.38 35.24 
80 40.27 41.18 39.00 
81 44.12 44.92 42.82 
82 47.98 48.82 46.63 
83 51.88 52.74 50.48 
84 55.82 56.76 54.35 
85 59.89 60.81 58.47 
86 64.96 65.94 62.50 
87 68.06 69.03 66.61 
88 72.20 73.15 66.66 
3 (TO 
1-3 tJ* (D 
M 
P 
OQ 
i (D «+ 
O H) 
ct g-
H 
O 
c 
a 
0 H> 
OP M 
M + 
1 
X 
CO 
I —H 
M 
W & 
I w «+ 
§ o 
M> 
Co 
K 
I 
>J O 
70 
J9 
Si ^ CI and the corresponding heads of Si '^ 'Cl molecule 
are also marked in the same figure. The observed isotopic 
icl 
Qt 
shift is + 1»1 cm*"^ . The bran hes picked out for the most 
abundant molecule are P^, Q^ j-^ Pg-j and R-,. IThe only 
pC "Zf 
branch observed corresponding to the molecule Si CI 
is Q^. The vacuum wavenumbers and J numbering^, of all the 
branches are given in Table IV. 
(1,0) and (0,1) bands of subsystem I. 
The enlargements of the third order spectra of (1,0) 
and (0,1) bands are shown in J'igs. 4 and 5 respectively. 
two most intense heads are assigned as ^ P-jg Q-^ s^ing 
due to the most abundant molecule, '-^ he isotppic heads due 
28 37 
to Si CI molecule have been observed only for the (1,0) 
band while the isotopic heads of the (0,1) band are masked OQ •ZC 
by the rotational structure of the (0,1)band of Si ^  CI 
molecule. The observed isotopic shift of + 9»5 cm"^  for 
the (1,0) band agrees fairly well with the calculated value 
of 9.3 cm~\ The Pg* Qg and Eg branches of the molecule pQ <ZC 
Si CI have been observed in both the bands, while the 
lines of ^^ R^ g "branch of and Qg branch of the less 
abundant molecule have been picked out only in the (0,1) 
band. The vacuum wavenumbers and assignments of the branches 
for (1,0) and (0,1) bands are given in Tables V and VI 
respectively. 
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TABLE IT 
Vaouim wave-Vvumbers (in om"^) and rotational assignments 
for tke (0,0) band of subsystem II. 
J-i 
37 34225.48 
38 27.29 
39 29.11 
40 31.10 
41 33.96 
42 35.03 
43 37.02 34262.70 
44 39.10 65.28 
45 41*36 68.10 
46 43.40 70.96 
47 45.58 73.76 
48 48.05 76.69 
49 50.39 79.63 
50 52.68 82.50 
51 34225•61 55.11 85.11 
52 27.80 57.53 88.33 
53 30.01 60.09 91.51 
54 32.26 62.52 94.70 
55 34.52 65.09 98.09 
56 36.77 67.60 34301.30 
57 38.93 70.32 04.65 
58 41.20 73.10 07.90 
^21 
0 ^ontd*••• 
Contd 
J-i 
59 43.45 75.99 11.30 
60 45.90 78.84 14.68 
61 48.40 81.78 18.08 
62 50.98 84.73 21.53 
63 53.48 87.77 25.18 
b4 56.05 90.86 28.b4 
65 58.67 93.93 32.37 
66 61.36 97.20 36.14 
67 64.09 34300.33 39.80 
68 66.87 03.52 43.69 
69 69.69 06.88 47.59 
70 72.48 10.09 51.48 
71 13.39 55.54 
72 . 16.75 59.63 
75 20.16 • 63.63 34319.14 
74 23.68 67.78 22.74 
75 27.29 72.03 26.39 
76 31.08 76.17 30.08 
77 34.82 80.68 33.86 
78 38.60 85.04 37.60 
79 42.44 89.41 41.40 
Contd 
22 
Contd 
T 1 Qp 
80 « 46.30 93.90 45^18 
81 50.25 98.46 48.99 
82 54.13 34402.99 52.86 
83 58.20 U7.64 34357.96 56.80 
84 62.34 12.26 62.08 60.81 
85 66.50 17.11 66.06 64.79 
86 70.70 21.73 7 0 . 1 0 68.83 
87 74.93 26.71 74.26 72.91 
88 79.21 31.46 78.45 77.03 
89 83.50 36.32 82.68 81.18 
90 87.79 41.31 86.99 85.40 
91 92.18 46.40 91.46 89.71 
92 96.65 51.51 95.90 94.13 
93 34401.16 56.85 5 4 4 0 0 . 4 0 98.46 
94 05.75 62.30 04.98 344U2.99 
95 10.38 67.31 09.52 07.64 
96 15.08 7 2 . 4 1 14.39 12.26 
97 19.89 77.52 19.08 16.81 
98 24.70 23.82 21.53 
99 29.57 28.59 26.26 
Contd 
Contd .... 
100 34.50 33.41 
101 39.40 38.27 
102 44.26 43.18 
105 49.31 48.15 
104 54.35 53.18 
105 59.42 50.26 
106 64.52 63.35 
107 69.70 bb.56 
108 75.01 73.82 
109 80,30 79.13 
110 85.75 84.46 
!i 
TABLE Y 
-1 Vaovwmvjj'ave-rCiimbera (in can"" ) and rotational assignments 
for the (1,0) feand of subsystem !• 
J-i Q, R, 
47 34730.29 
48 32.35 34759.83 
49 34.42 62.60 
50 36.51 65.12 
51 34709.95 38.63 67.85 
52 11.53 40.79 70.56 
53 12.16 42.96 73.33 
54 14.72 45.16 76.25 
55 16.49 47.53 79.19 
56 18.30 49.93 82.21 
57 20.15 52.38 85.20 
58 21.96 54.88 88.19 
59 23.75 57.30 91.15 
60 25.80 59.81 94.20 
61 27.95 62.35 97.35 
62 29.90 64.90 34800.51 
63 32.12 b7.64 03*64 
64 34.40 70.40 07.01 
65 . 36.60 73.26 10.41 
66 38.81 76.00 13.85 
67 41.03 78.80 17.35 
Contd. 
Contd 
J-4 ^2 Q2 Rg 
68 43.28 81.72 20.86 
69 45.61 84.62 24.41 
70 48.00 87.65 27.90 
71 50.51 90.68 31.45 
72 53.09 93.72 35.08 
73 55.72 96.85 38.76 
74 58.30 34800.05 42,51 
75 61.01 03.28 46.30 
76 63.88 06.54 50.12 
77 66.61 09.74 53.86 
78 69.38 13.04 
79 16.38 
80 19.70 
81 23.07 
82 26.46 
83 29.88 
84 33.34 
85 36.86 
86 40.45 
87 44.07 
88 47.76 
89 51.50 
90 54.31 
26 
TABLE VI 
Vacuira Wave-T(vvmT)ers ( in cm"^) and rotational assignments 
for the (0,1) band of subsystem I. 
J-i ^2 
46 33507.30 33533.88 
47 09.72 36.84 
48 12.20 39.90 
49 14.70 43.03 
50 17.22 46.19 
51 19.76 49.40 
52 33492.6b 22.37 52.60 
53 94.70 25.04 55.84 
54 96.78 27.72 59.10 
55 98.90 30.30 62.38 
56 33501.06 33.07 65.69 
57 03.24 35.80 69.01 
58 05.46 38.62 72.40 
59 07.74 41.48 75.82 
69 10.09 44.42 79.26 
61 12.51 47.45 82.78 
62 15.06 50.53 86.39 
63 17.66 53.64 90.09 
64 20.40 56.78 93.83 
65 23.06 59.96 97.60 
66 25.75 63.21 33601.45 
67 28.40 66.49 05.30 
Corresponds to the Qg branch of ov^ i^UautSu.. 
CovxiA... 
27 
Contd ..» 
J-i ^2 ^2 Eg % 
68 31.20 69.84 09.17 
69 34.09 73.15 13.00 
70 37.01 76.57 16.97 
71 39.94 80.01 21.07 33580.30 33582.50 
72 42.96 83.55 84-10 85.02 
73 45.98 87.16 87.83 89.49 
74 48.96 90.83 91.59 93.03 
75 51.99 94.56 95.50 96.52 
76 55.16 98.34 99.11 33600.24 
77 58.30 33602.22 33602.98 03.89 
78 61.64 06.15 06.91 07.60 
79 65.03 10.16 10.96 11.65 
80 68.46 14.20 14.99 15.61 
81 71.92 18.24 19.04 19.58 
82 75.42 . 22.35 23.15 23.50 
83 78.96 
84 82.35 
85 85.87 
86 89.50 
87 93.22 
88 97.04 
89 33600.95 
90 04.90 
91 08.00 
92 13.11 
93 17.26 
94 21.48 
RQgATlUM AITAXYSIS 
The rotational analysis of (1,u), (u,0) and (0,1) 
hands of subsystem I, has "been periormed \vith the help of 
y 
the lollovang relations: 
R(J)-Q(J) = = ... (3) 
Q(J+i;-P(J+1) = = A^P'gCJ) .. (4) 
and 
R(J}-Q(J+1) = = .. (t)} 
Q(J)-P(J+1) = P\(J+1)-P%(J) = A^po^CJ) .. (6) 
p 
ir the X "^5/2 negligible type doubling, 
equations (5) and C4) are equal to each other and similarly 
equations (5) and (6) are equal to each other (Herzberg^^), i.e. 
= A^P'2(J) = .. (7) 
AtP"I(J) = A^P^gCJ) = .. (8) 
The relative numbering of the branches within a band is 
obtained so that equations (v) and (8) are valid for each J 
nuiriDering. The a,bsolute numbering of the brancbcs is fixed 
by plot-uing J) A^P^ (J) + A^P^CJ)]^ values against J 
for both upper and lower states and allowing the straight lines 
to cut the abscissa axis at J = -1 . The curves for 
(1,0), (0,0) and (6,1) bands are shown in Pigs. 0,7 and 8 

29 
respectively, The A^F(J) combination differences for 
these bands are given in Tables VII, YIII and IX respect-
ively. The combination differences A^I'^(J) and 
for both the states of (1,0), (0,0) and (0,1) bands agree 
fairly well within experimental errors for atleast lower J 
values. The systematic deviations at higher J values can 
be explained aM due to the effect of K- type doubling in 
the combination differences for 
all these bands having common lower or upper vibrational 
states are compared in Table X« 
Setemination of B and D s-
Substituting P^(J) = B^J(J+1) - in equations 
(3), (4), (5) and (6) and neglecting the terms containing D^, 
one obtains -
A^P'(J) « 2B^(J+1) ... (9) 
and 
A^f«(j) « 2B»(J+1) ... (10) 
The B^ values for the upper and lower states of the 
(1,0), (0,0) and (0,1) bands are obtained from the slopes 
of the strai^t lines shown in Pigs. 6,7 and 8 respectivelyj 
oLviA. if the terms containing D^ are taken into account in 
equations (7) and (8), the graph of A^P(J)/(J+1) against 
(J+1) would give us the values of B^ and D^ simultaneously. 
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TABIiB VII 
Combination differences (in oia""^ ) for the (1,0) band 
of subsystem I# 
J-i A^PJ(J) 
R(J)-Q(J) Q(J+1)-P(J+1) 1(J)-Q(J+1) Q(J)-P(J+1) 
48 27* 48 25.41 
49 28.18 26.09 
50 28.61 28*68 26.49 26.56 
51 29.22 29.26 27.06 27.10 
52 29.77 29.80 27.60 27.63 
53 30.37 30.44 28.17 28.14 
54 31.09 31.04 28.72 28.67 
55 31.66 31.63 29.26 29.23 
56 32.28 32.23 29.83 29.78 
57 32.82 32.92 30.32 30.42 
58 33.31 33.55 30.89 31.13 
59 33.85 34.01 31.34 31.50 
60 34.39 34.40 31.85 31.86 
61 35.00 35.00 32.45 32.45 
62 35.61 35.52 32.87 32.78 
63 36.00 36.00 33.24 33.24 
64 36.61 36.66 33.75 33.80 
65 37.15 37.19 34.41 34.45 
66 37.85 37.77 35.05 34.97 
67 38.55 38.44 35.63 35.52 
68 39.14 39.01 36.24 36.11 
Contd 

Contd.*•• 
J-i A^PJCJ) 
R(J)-Q(J) 
A^F^(J) 
Q(J+1)-P(J+1) R(J)-Q(J+1) 
A^PJCJ) 
Q(J)-P(J+1) 
69 39.79 39»65 36.76 36.62 
70 40.25 40.17 37.22 37.14 
71 40.77 40.63 37.73 37.59 
72 41.36 41.13 38.23 38.00 
73 41.91 41.75 38.71 38.55 
74 42.46 42.^7 39.23 39i04 
75 43.02 42.66 39.76 39.40 
76 43»58 43.13 40.38 39.93 
77 44.12 43.66 40.82 40.36 
32 
TABLE VIII 
ComDination differences (in cia"^ for tke (0,0) feand 
of eubgystem !• 
J-i 
--S(J)=Q(J) -Q(J+1)^P(J+1) •R(J)-Q(J+1) Q(J)-.P(J+1) 
50 29*07 26*61 
51 29.56 , 27.09 
52 30.15 27*66 
53 30.75 30.76 28.27 28.38 
54 31.34 31.38 28.78 2«.88 
55 32.07 31.93 29.42 29.31 
56 32.60 32.57 29.86 29.83 
57 33.09 33.16 30.30 30.37 
58 33.48 33.67 30.74 30.93 
59 34.01 34.15 3U26 31.40 
60 34.66 34.77 31.72 31.83 
61 35.28 35.36 32.33 32.41 
62 35.93 35.98 32.87 32.92 
63 36.48 36.58 33.39 33.56 
64 37.00 37.08 33.93 34.01 
65 37.50 37.54 34.38 34.42 
66 38.03 37.97 34.85 34.79 
67 38.59 38.43 35.37 35.21 
68 39.15 38.99 35.89 35.73 
Contd 
H(J)-Q(J) :Q(J+1)-P(J+1) /-H(J)-Q(J+1) :Q(J)-P(J+1) 
69 59.67 59.45 56.59 56.17 
70 40.50 59.98 56.98 56.66 
71 40.92 40^55 57.61 57.24 
72 41.57 41.24 58.15 57.80 
75 42.09 58.59 
74 42.62 59^02 
75 43.12 59.46 
76 43.61 59.92 
TABLE IX 
Gombination differences (in cm"^) for the (0,1) band 
of subsystem !• 
j-4 
S(J)-Q(J) 
Ai^J) 
Q(j+1)-P(j+1) R(J)-Q(J+1) Q(J)-P(J+1) 
46 26.58 24.16 
47 27.12 24*64 
48 27.70 25.20 
49 28.33 25.81 
50 28.97 2b. 43 
51 29.64 29.71 27.03 27.10 
52 30.23 30.34 27.56 27.67 
53 30.80 30.94 28.12 28.26 
54 31.38 31.40 28.80 28.82 
55 32.08 32.01 29.31 29.24 
56 32.62 32.56 29.89 29.83 
57 33.21 33.16 30.39 30.34 
58 33.78 33.74 30.92 30.88 
59 34.34 34.33 31.40 31.39 
60 34.84 34.94 31.81 31.91 
61 35.33 35.47 32^25 32.39 
62 35.85 35.98 32.75 32.87 
63 36.45 36.38 36.31 33.24 
64 37.05 36.90 33.87 33.72 
Contd 
3S 
Contd 
J-i 
R(J)-Q(J) Q(J+1)-P(J+1) H(J)-Q(J+1) Q(J)-P(J+1) 
65 37.64 37.46 34.39 34.21 
66 38.24 38.09 34.96 34.81 
67 38.81 38.64 35.46 35.29 
68 39.33 39.06 
* 
36.02 35.75 
69 39.85 39.56 36.43 36.14 
70 40.40 40.07 36.96 36.63 
71 41.06 40.59 37.52 37.05 
72 41.18 37.57 
73 41.87 38.20 
74 42.57 38.84 
75 43.18 39.40 
76 43.92 40.04 
77 44.51 40.58 
78 45.13 41.12 
79 45.74 41.70 
80 46.32 42.28 
81 46.93 42.82 
TABLE X 
Combination differences for the (0,1), (0,0) and (1,0.) 
"bands of subsystem I. 
(0,1) (0,0) (1 ,0) 
J-i ^iF'(j) A^P"(J) 
46 26.58 24.16 
47 27.12 24.64 
48 27.70 25.20 
49 28.33 25.81 28.18 26.09 
50 28.97 26.43 29.07 26.61 28.59 26.57 
51 29.67 27.06 29.56 27.09 29.24 27.08 
52 30.28 27.61 30.15 27.66 29.78 27.61 
53 30.87 28.19 30.76 28.32 30.46 28.20 
54 31.39 28.81 31.36 28.82 31.06 28.64 
55 32.04 29.27 32.00 29.37 31.65 29.24 
56 32.59 29.86 32.58 29.84 32.25 29.81 
57 33.18 30.36 33.12 30.34 32.87 30.37 
58 33.76 30.90 33.58 30.83 33.42 31.01 
59 34.33 31.39 34.07 31.33 33.93 31.42 
60 34.89 31.86 34.71 31.77 34.39 31.85 
61 35.40 32.27 35.32 32.37 35.00 32.45 
62 35.92 32.81 35.96 32.90 35.57 32.82 
63 36.41 33.27 36.52 33.47 36.00 33.24 
64 36.97 33.79 37.04 33.97 36.63 33.78 
65 37.55 34.30 37.52 34.40 37.17 34.42 
Contd* •. 
Contd 
(0,1) (0.0) (no) 
J-i A iPUJ) A;FMJ) 
66 58.16 34.88 38.00 34.82 37.81 35.01 
67 38.71 35.37 38.51 35.29 38.49 35.57 
68 39.19 35.88 39.07 35.81 39.06 36.17 
69 39.70 36.28 39.51 36.28 39.72 36.69 
70 40.23 36.79 40.14 36.82 40.21 37.18 
71 40.82 37.28 40.73 37»44 40.70 37.66 
72 41.40 37.97 41.24 38.11 

The curves for the (0,0) band have "been plotted in Pig. 9 and 
it is found that the B^ values obtained with these curves 
agree well with the corresponding values obtained directly 
from Fig. 7 within + 0^0006 The magnitudes of D* and D" 
obtained from Pig. 9 and from the relation (Herzber^^^ 
page 107) agree fairly well with each other* 
The rotational analysis of the (0,0) band of subsystem II 
has been performed with the help of the following relations: 
E(J) - P(J) « P^(J+1) - F^(J-I) «^2^•(J) ... (11) 
and 
R(J-1)-P(J+1) = P;^ (J+1) - P«(J-1) = ... (12) 
Substituting the expression for P^(J) and neglecting 
the terms containing D^, equations (11) and (12) can be 
written as : 
« (J+i) ... (13) 
and A2P"(J) = (J+i) (H) 
The absolute numbering of the branches is fixed by 
plotting A P(J) values against J and allowing the strai^t 2 
lines to cut the abscissa axis at J « - i . The 
combination differences for the {0,0) band of subsystem II 
are given in Table XI. The B^ values for both the states 
are obtained from the slopes of the straight lines 

TAIIE XI 
Combination differences ( in cm""^ ) for the (0,0) band of 
subsystem II. 
J-i AgP'CJ) /^ gP-'CJ) 
R(J)-P(J) R(J-1)-P(J+1) 
51 59.50 54.70 
52 60.53 55.10 
53 61.50 56.07 
54 62.44 56.99 
55 63.57 57.93 
56 64.53 59.16 
57 65.72 60.10 
58 66.70 61.20 
59 67.85 62.00 
60 68.78 62.90 
61 69.68 63.70 
62 70.55 64.60 
63 71.70 65.48 
64 72.59 66.51 
65 73.70 67.28 
66 74.78 68.28 
67 75.71 69.27 
68 76.82 70.11 
69 77.90 71.22 
70 79.00 
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representing against J (Pig* 10)» The values of 
B^ for the (0,0) band of subsystems I and II agree fairly 
well within +o»0005 om"^ * 
Band Origin ( V^) 
The band origi-as for the bands are obtained with 
the help of the expression : 
Q(J) = + (B; - IJ) J(J+1) ... (15) 
The graphs of Q(J) against J(J+1) for (1,0), (0,0) and 
(0,1) bands of subsystem I and of (0,0) band of subsystem 
II are shown in ^ i^gs. 11, 12, 13 and 14 respectively. The 
positions of the band origins in cm""^  for all the bands, 
obtained from the intercepts of the corresponding straight 
lines with the ordinate$ are given below : 
(1,0) (0,0) (0,1) 
Subsystem I 34685.5 33988.1 33454.2 
Subsystem II — 34192.6 
Determination of q^ q and J 
The values of B^ and given in Table XII for both e e 
the electronic states have been obtained with the help of 
the relation -
\ = ®e - ^^ .... (16) 
using the B^ values obtained earlier. 

1 " -W. L 
2 The ha^ and values for the ^3/2 
determined from the combination differences of the corres-
ponding lines of the Eg branches of (0,0) and (0,1) bands 
24 by using the method given by Herzberg , i.e. 
« + J(J+1) (17) 
and similarly ^Q^ and ©i* are obtained, from the combination 
differences of the lines of Eg branches of the (1,0) and (0,0) 
bands having same J value with the help of the e2j>ression : 
« A&l + J(J+1) (18) 
The combination differences ^ E^ ^(J) - E^ 
- R^^^(J) ^  are plotted against J(J+1) and are 
shown in Pigs. 15 and 16 respectively. 
The AG^ and c/.^  values obtained from these curves 
are as follows : 
AgJ = 696*9 cm*'' (699.5 cm'b ; « 0.0027 cm""' (0.0024 cm"^) 
= 532.9 cm'"' (531.8 cm"'') ; <<» « 0.0011 cm"'' (0.0016 cm"'') 
The values of mentioned within brackets have been 
"t § 
r- %j 
h 
obtained from equatlonllS). The two values agree very 
well within + 0»0005 cm""^ . The hracketted values o£ 
have been taken from the present "Brihrational analysis of 
the B-S system. 
The equilibrium internuolear separations for both the 
states of subsystem I have been obtained with the help of 
the following expression : 
r = 27.?8? X 10"^° I . , . ( 1 9 ) 
Spin Splitting constant ^ : 
The spin splitting constant ^ for the electronic 
23 state B has been obtained using the following relations 
(J) - QgCJ) •••(20) 
Ql(J) ..•(21) 
and 
The - curves, representing equations (20) and(21), are shown in 
Pigs. 17(a) and 17(b) respectively. The final value of^ 
hasr been taken as the average of the values obtained from 
figures 17(a) and 17(b). 
A - Type Doubling : 
Since the rotational lines corresponding to P and R 
branches for a fixed value of J have different lower state as 
43 
compared to the lines of the Q branch, it is obvious 
that equations (7) and may not be valid atleast for higher 
J values. In that case : 
R(J) - Q(J) = Q(J+1) ~ P(J+1) + 6 s!^  ...(22) 
and 
R(J) - Q(J+1) = Q(J) - P(J+1) 
where t* is equal to the sum of S- type doublings of the 
levels J and (J+1). The combination defect ^ can be 
correlated with J according to the relation ; 
— — = qJ(J+l) ...(24) 2 
A rough estimate of the coefficient of the A.- type 
doubling (q) for ^3/2 ^1/2 obtained 
with the help of equation (24)» 
The constants determined in the present analysis are 
given in Table XII. 
DISCUSSION 
The most probable transition for the bands of the 
B-X system of the SiCl molecule, as discussed earlier, 
2 2 can easily be recognized as B H - X T\(a)« In a diatomic 
molecule, the 1 ;itate can behave either as 2_+ 02? X." 
both of them can combine separately with the state.However, 
44 
TABIB XII 
pQ TtC Molecular constants for the B-X system of Si molecule. 
Const salts Present experiment Ovcharenko at al. Verma 
oC e 
f! 
e 
D* 
0.2782 cm" 
B'i( 0,2555 
BJC ^•2552 
cm 
cm 
0.0025 cm" 
0.0016 cm" 
-7 -1 1.3 X 10 ' cm 
0,2775 cm" 
0.2548 cm" 
0.254-2 cm" 
0.0016 cm 
0.0016 cm' 
1.7 X 10"*"^  cm"'' 
0#2556 cm' -1 
0.2551 cm -1 
0.0016 cm -1 
D" 2.1 X 10"'^  om'^ 2.3 X lO""*^  cm""' 2.6 x 10"'^ cm^  
1.971 A 
2.057 A 2.058 A 
0.00004 cm 
1 
-1 
q( 0.0003 cm' -1 
0.0098 cm -1 
0.004 cm - 1 
4S 
25 Narsimham et al. had studied the nature of combination 
defects i.e. J)-Q(J)-Q(J+l)+P(J-»-1)^ in the (1,2) and 
? 2 (2,3) "bands fo^  the new system ( ^ r- ) of the PO 
molecule. It was found that the defects in these bands 
as\well as in the (0,2) and (0,3) bands of the ^ syst^i 
2 + 2 
( Z - ) of the same molecule were equal in magnitude 
but opposite in sign. From this they came to the conclusion 
that the new system of PO molecule should belong to the 
0 mm 0 
the transition l" - and should have a negative combina-
tion defect. 
fhe combination defects i.e. J)-Q(J)-Q(J+1 )+P(J+1 
are positive for the bands of the B-X system of the SiCl 
pjr molecule. Therefore, following the arguments of Harsimham 
the initial state of the bands under investigation can be iden-
2 + 
tified as B X and the B-X system can arise due to the 
transition B - X 
46 
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CHAPTER II 
The B-X system of the GeCl molecule* 
ABSTRAGJ 
The B-X system of the GeCl molecule lying in the 
o 
region XX3202 - 2847 A has been recorded at low dispersion* 
The vibrational analysis of the bands has been performed 
and the constants of the upper electronic state have been 
modified* The band heads can be represented by : 
^ ^ 53988.17 ^ (529.3 u» - 1.9 u'^) 
33OI6.3J P, - (407.4 u" - 1.5 u"'^ ) 
where u ^  v + i- • 
The system has been photographed at a hi^<resolution 
also and the rotational structure; of (0,1) and (0,0) bands 
of subsystem 1-X studied. The constants obtained •^ v'laeV 
are as follows 
State 8^ (0©*"^ ) Dx10"'^ (cm"'b i(cm"'') 
0,1775 2.000 — ~1.5 0.016 
X 0.1625 2.091 0.0010 -2.3 — 
,0 
IHTRODUCTION 
The band speotra of GeCl and GeBr molecules, lying 
in the regions ^X 3202 - 2847 A and \\32bO - 2946 A 
respectively, were first observed in emission by Jevons 
et al^« The source used was a heavy current transformer 
discharge through which vapours of GeCl^ and GeBr^ were flown 
continuously. The discharge carried a current of about 0.25 
to 0.35 ampen^ at 2400 volts supplied from the secondary 
of a transformer. The bands of both the molecules were 
degraded to violet and were an-alogous to the bands of 
SiOl, SiBr and SnOl molecules roughly lying in the same 
region. Jevons et al] represented the band heads of the 
B-X systems of each of the molecules GeCl and GeBr with the 
help of the following ex-pression*.: 
GeCl : yi= 53017I2} (526.6 u' - 0.3 u'^) 
- (408.4 u" - 1.b u"^) 
( 1 ) 
and 
GeBr : i^J = 32263:4^ -
- ( 2 9 6 . 6 u» - 0 . 9 u " ^ ) 
where ul = \r + i (2) 
The final electronic states of these band systems of 
N 
germanium monochloride and monobromide molecules were easily 
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P - —1 
identified as IT , having doublet separations of 975 cm 
and 1150 respectively. They could be easily recognized 
as belonging to Hund's coupling case (a) following the O % A analyses of, Jevons , Ferguson^ and Neu;jmin for SnCl; 
5 6 7 ^ Johnson et al?, Asundi and Badger et al; for SiP; Morgan" 
q 10 11 Rochester^ and Popov * for the monohalides of lead and 
10 1 ^  i Jevons , Datta Thrush for the SiCl molecule. 
The doublet electronic internal ( b^VJ) of the ground 
state, system origin ( ) and the vibrational constants 
ux and (A y for both the participating electronic states Q 6 6 
of the G-eCl and GeBr molecules were compared by Jevons^ with 
the corresponding constants of the remaining monohalides of 
group - iy(b) elements. He observed that for -ioStix . : the -o 
molecules, the doublet separation of the ground state ( t^ V^ ) 
increases while the values of 10^  and OOgX.g decrease 
with the increase of mass of the either atom forming the 
molecule. As it is clear from the .'vibrational analysis of 
the ultraviolet bands of the GeCl molecule, the value of 
did not show the expected trend. This anamoly may be 
arising due to inaccurate measurements of the band heads. 
The system, therefore, is rephotographed in the first 
order of the Jarrell-Ash grating spectrograph at a reciprocal 
dispersion of 5.0 A/mm. The positions of the band heads have 
52 
"been measured and fitted in the Deslander's table which 
suggests that the vibrational constants should be slightly-
revised. The modified constants of the upper electronic 
state are found to show the expected trend. 
Jevons^ assigned the most probable transition for the 
2 2 
ultraviolet bands of GeCl and GeBr molecuJ.es as B X TT(aJ 
However, the presence of single head in each sub-band of 
GeCl created some doubt regarding the above assignement* The 
bands of the ultraviolet system of the GeCl molecule lying 
in the region \X 5202 - 2847 A are, therefore, recorded 
at a hi^yresolution in order to study the rotational 
structure of some of the bands. Recently Deschamps et all'' 
recorded the A-X system of the G-eCl molecule, lying in the 
region \ \ ^ 200 - 3800 A, and fead obtained its vibrational 
constants. 
The present chapter deals with the vibrational and 
rotational analyses of the B-X system of the GeCl molecule. 
The electronic configurations of the participating states 
are also discussed. 
EXPERIMENTAL PROCEDURE 
The emission spectrum of the GeCl molecule has been 
obtained using various sources^f excitation; • The high 
frequency discharge is found to produce the B-X system 
of the same molecule with a fair intensity. The discharge 
is maintained in the electrodeless discharge tube of 100 mm. 
length and 5 mm. diameter through which the vapour of GeCl^ 
is continuously flowing. A nail-trap arrangement along«rith 
stop-cocks is used to regulate the vapour pressure of the 
sample inside the discharge tube. liquid nitrogen trap is 
used before the rotary pump in order to protect the oil' 
from contamination. The bands of the B-X system are recorded 
when the colour of the discharge is bluish. 
The exposure times required, to record the spectrum 
in the first and fourth orders of Jarrell- Ash grating 
spectrograph, are about thirty minutes and ten hours 
respectively on Ilford Q-1 plates. The grating used in the 
first order has 15,000 lines per inch while that used in 
the fourth order has 30,000 lines per inch and is blazed at 
1 in the first order. 
The iron arc spectrum is superimposed in each case to 
be used as standard. The measurements are performed with 
the help of Carl-Zeiss-Abbe comparator. Wave-lengths of 
standard lines of iron are taken from the M.I«T.Wave-length 
Table (Harrison^ and the vacuum wavenumbers of the lines 
are obtained from the Table of Wavenumbers (H.B.S.^ "^ )* 
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The accuracy in the head measurements is of the order 
of + 1,0 cm""^  while the accuracy in the measuremente of 
the rotational lines is of the order of + 0.08 cm""^  for 
sharp lines and +0.20 for diffuse lines* 
VIBRATlOmL ANALYSIS 
The violet degraded hands of the B-X system of the 
0 
GeCl molecule, lying in the region>X3202 - 284-7 A, are 
shown in Pig, 1. The vacuum wavenumbers, vibrational 
assignments and the visually estimated intensities of tS^ ' 
bands are given in Table 1. ^he measurements of Jevons 
et al! exe also given in the same table, lew additional 
bands e .g. (0,5), (0,4), (1,3) and (2,2) of subsystem 
B-X bM (2,2) of subsystem B-X ^ Tf^/g 
have been observed in the present experiment. We will be 
2 2 - t -
eventually calling B-X ^ ^ 1/2 
as subsystems I and II respectively. The band heads of the 
B-X system of the GeOl molecule can be represented by the 
equation -
330?6:3]^ (529.3 u. - 1.9 U.2) 
- ( 4 0 7 . 4 u" - 1.5 u"^) ...(3) 
where u = v + 
The ground state doublet separation ( hV^) of the e 
GeCl molecule comes out to be 971*8 cm"'^ The modified 
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TABLE I 
Band head data for the B-X system of the GeCl molecule. 
Subsystem V" Intensity 
(Present) (Jevons) 
I 1 6 _ _ _ _ 31219.3 
"T" 
X yj 4 2 5147648 31473.1 
I 1 5 2 31612.6 31608.4 
I 0 3 3 31870.4 31870.7 
II 0 5 0 32056.3 — 
I 0 2 4 32269.2 32269.7 
I 1 3 2 32396.2 
II 0 4 3 32448.6 — 
I 0 1 7 32672.0 32672.1 
II 0 3 2 32843.8 32848.5 
I 0 0 R J 33074.9 33076.4 
I 1 1 2 33197.0 33197.3 
I 0 2 8 33242.5 33245.7 
I 2 2 1 33320.5 — 
II 1 3 2 33370.8 — 
I 1 0 3 33601.5 33602.6 
II 0 1 8 33643.9 33646.1 
II 0 0 6 34048.7 34049.5 
I 2 0 2 34123.0 34127.0 
II 1 1 4 34169.5 34169.3 
II 2 2 3 34290.7 — 
II 1 0 7 34573.9 34577.0 
II 2 0 3 35095.3 35103.5 
I stands for B-X 3/2' 
II stands for B-X TI 1/2* 
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value of uD' x' obtained from the present vibrational 
analysis satisfies the expected trend as stated earlier. 
The vibrational constants obtained in the present case 
alongwith those reported by Jevons'' are given in table II. 
ISOTOPIC SHIFTS 
The natural abundances of germanivim and chlorine 
isotopes are in the following ratios 
a 100 : 73.b : 51.2 : 21.3 : 17.2 
and 
^^Cl ; ^ ^Cl = luO : 31.4 
It could be very easily shown that out of all the 
possible isotopic species present in the naturally occuring 
GeCl molecule, the ^^Cl, '^ G^e ^ ^Cl, ^^ Ge and 
74 37 
Ge 01 molecules would be comparatively more abundant. 
Therefore, the intensities of the bands belonging to 
^^Ge ^ '^ Cl, ^^Cl and "^ G^e ^ "^ 01 molecules should be 
74, 57, and 31 per cent of the intensity of the corresponding 
band of the most abundant molecule ^^Ge If we ignore 
the presence of other lesser abundant molecules, each band 
of the ^^ Ge ^ ^01 molecule should atleast be accompanied 
with the bands due to the remaining three molecular species. 
TABLE II 
74- 35 Vibrational constants of the B-X system of ^Ge ^  CI moleciale. 
Constant Present E^ gaeriment Jevons et al! 
529*3 om"^ 52b.6 cm"^ 
^ i t Ujg 407.4 cm 40tt.4 cm 
wl X,' U9 0.3 cm'""' e © 
n II 
^^ ^^ 1.5 cm"'' 1,6 cm"'' e © 
S33988.1 ofC] S 35992.2 cm"] 
® I33OI6.3 cm ^33017.2 cm ' 
971.8 cm"'' 975 cm"^ 
The observed isotopic shifts (Table III) in the (0,1) 
and (0,0) bands of subsystoa I as well as (1,0) and (2,0) 
bands of subsystem II are in very good agreement with the 
calculated values obtained with the lielp of the following 
expression : 
- C < - S") ^  i^xk 'rif - toi xl ( 
where 
In the present case pi corresponds to the reduced mass 
Of &e 01 molecule and p- is the reduced mass of any of 
the remaining three species under consideration. The observed 
shifts of (0,1) and (0,0) bands of subsystem I have been 
taken from the fourth order spectra. The heads due to Ihe 
less abundant molecules "^ G^e "^ G^e and "^ G^e 
showing negative shifts in the (1,0), (2,0) and (0,1) bands 
could not be observed as they are masked with the structure 
of the corresponding bands of the most abundant molecule 
"^ G^e • The heads of the molecules "^ G^e ^ ^Cl and "^ G^e '^Cl 
in the (0,0) band could not be resolved due to their smaller 
74 37 
shifts while the heads of Ge "^ 'Cl molecule are not observed 
due to their weak intensity• 
TAELE III 
Comparison of the observed and calculated Isotoplc shifts. 
Subsystem Band Emitter Calculated 
shift 
Observed 
shift 
•'he + 1.4 + 1.5 
I (0,1) 
'701 
+ 3.0 
- 6.5 
3.2 
"oi - 0,2 
I ' (0,0) - 0,5 
+ 1.1 
II (1,0) '•'he 
55oi 
- 2.3 
- 5.2 
"ci +1O.5 + 10.2 
-2.3 
II (2,0) - 9.8 
+19.6 + 20.1 
A^ is the reduced mass of "^ G^e ^ ^Cl while is either 
of "^ G^e or "^ G^e ^ ^Cl molecule. The heads of the 
molecule marked with the asterisk (*) are not observed. 
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ROTATIOHAL STRUCTURE 
Tke high resolution apeotra of (0,1) aM (0,0) bands 
of subsystem I are shown in figs. 2 and 3 respectively* 
Since each band has two heads alongwith a strong Q branch, 
the probable transition, for the B-X system of the GeCl 
2 2 2 2 molecule can be X " X TV or X lY • For a small 
spin splitting of the upper state, the general appearance 
of the bands in the above mentioned transitions is indis-
18 
tinguishable unless there is an observable type doubling 
in the rotational lines for the latter case* 
Following Mulliken^^, the heads in the bands of sub-
systems I and II of the GeCl molecule are to be formed 
respectively by ^^12* ^2 ^ ^ 
* P 
Since the heads arising due to the branches Q^g and Pg 
are not resolved (Pigs. 2 and 3), therefore, following the 
argument of ^ erma^®, the spin splitting of the initial 
state of the transition may be too small for it to be a 
is state. It can be concluded that the most probable 
transition for the bands of the B-X system of the GeCl 
molecule is B X (a)* The parity of the ^ ^ state 
can be assigned only after studying the nature of the 
combination defects. 

DESCRIPTIOH OP B M M 
The (d»1) band of subsystem I» 
The enlargement of the (0,1) band of subsystem I, 
reoorded in the fourth order of Jarrell-Ash grating 
spectrograph, is shown in Pig« 2« The two stronger heads 
are assigned as Pg and ^ P^g molecule. 
The corresponding heads of ^^Ge and ^^Ge ^ ^Cl 
molecules are also marked in the figure. The heads due 
74 "57 
to '^Ge '^ 'Cl molecule are expected to be masked by the 
rotational structures of the other above mentioned isotopic 
molecules. The lines arising due to Pg, Qg* Rg 
branches of the most abundant molecule have been picked 
out in the spectrum and are marked* The lines of Qg branch 
of ''^ G^e and "^ G^e ^ ^Cl molecules are also identified 
in the spectrum. The vacuum wavenumbers and the rotational 
assignments of the branches are given in Table lY. 
(0.0) BATO OP SUBSYSTBM I 
The enlargement of the (0,0) band of subsystem I, 
recorded in the fourth order of Jarrell-Ash grating spectro-
graph, is shown in Pig. 3* The two strong heads are 
identified as ^ P^^ and Pg of "^ G^e molecule. The lines 
of Pg, Qg, Kg, and "^^gbranches of the most abundant)^whil« 
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Table iv 
Vacuum vavenmbers (in and the assigranents of the 
(0?1) band. 
J - 1 2 ^2 Q2 
i* i** 
46 32711 J.2 32728.02 
47 32695.60 12.70 30.05 
48 96.73 14.25 32.09 
49 97.90 15.78 34.13 
50 99.25 17.36 36.17 
51 32700.59 18.99 38.22 
52 01.98 20 .73 40.26 
53 03.20 22.45 42.31 
54 04.50 24.23 44.39 
55 05.89 26.08 46.52 32724.95 
56 07.54 28.02 48.69 26.90 
57 09.39 30.05 50.93 28.91 
58 11.29 32.19 53.20 30.97 
59 13.12 34.13 55.52 33.02 
60 14.92 36.17 57.88 35.09 
61 16.65 38,22 60.30 37.12 
62 18.35 40.26 62.76 3.14 
• 
* * 
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Lines of Ge 
Lines of "^ G^e 
molecule. 
molecule. 
Contd ••.. 
J-4 ^2 «2 E2 ^12 
i* 
63 42.31 65.27 41.20 32740.26 
64 44.39 67.80 43.36 42.31 
65 46.52 70.36 45.54 44.39 
66 48.69 72.97 47.78 46.71 
67 50.93 75.59 50.10 49.12 
68 53.20 78.26 52.53 51.65 
69 55.52 80.96 54.96 54.02 
70 57.88 83.68 57.44 56.50 
71 60,30 86.42 59.89 59.02 
72 62.76 89.18 62.48 61.45 
73 65.27 92.00 64.92 63.98 
74 67.80 94.82 67.52 66.57 
75 70,36 97.65 70.04 69.22 
76 72.97 32800.66 72.62 71.90 
77 75.59 03.70 75.24 74.62 
78 78.26 06.78 77.94 77.38 
79 80.96 09.89 80.62 80.15 
80 83.68 13.02 32784.87 83.39 82.95 
81 86.42 16.18 87.56 
82 89.18 19.37 90.30 
Contd 
64 
Contd ..« 
J-i Pg Qg 2^* 
83 92.00 22.56 93.09 
84 94.82 25.78 95.94 
85 87.65 28.91 98.89 
86 32800.52 32.05 32801.87 
87 03.43 04.89 
88 06.39 07.89 
89 09.40 10.91 
90 12.43 14«04 
91' 15.51 17.20 
92 18.63 20.38 
93 21.79 23.60 
94 24.99 26.86 
95 28.25 30.15 
96 31.59 33.47 
65 
of Qg of the "^ G^e '^Cl and "^ G^e ^ ^Cl molecules are identi-
ocve 
fied and X marked in the epeotrogram. The vaoum wavenmbers 
and the rotational assignemente of the branches are given 
in iPabie 
ROTATIONAI ANALYSIS 
The rotational analysis of the (0,1) and (0,f))l)ands 
of subsystem I hast^  been performed with the help of the 
20 following relations , 
E(J) - Q(J) « - I^iJ) = A^F^CJ) (5) 
Q(ir4.1) - P(J+1) « - .... (6) 
E(J) - Q(J+1) « - PJCJ) .... (7) 
Q(J) - P(J+1) « P^(J+1) - «A^P5(J) (8) 
where symbols have their usual meaning* 
P6r a small A - type doubling in the state, 
the first two relations are equal to each other and, 
similarly, the second two relations are equal to each 
other i«e» 
A^F'(J) » A^PJ(J) (9) 
« (10) 
TABLE V 
Vacuum wavenumbers (in cm'"^ ) and tke assignments for the 
(0,0) band. 
J-i Pg ^2* ^r* 
39 33113.20 
40 15.01 
41 16.86 
42 18.82 
43 33104.98 20.67 
44 06.30 22.50 
45 07.66 24.36 
46 09.02 26.10 
47 10.46 27.90 
48 11.93 29.72 
49 13.45 31.61 
50 15.02 33.55 
51 16.65 35.53 
52 18.30 37.56 
53 19.91 39.60 
54 21.67 41.65 
55 23.36 43.72 
56 33104.98 25.09 45.82 
57 06.30 26.85 47.98 
* Lines of "^ G^e^ C^l molecule. 
** Lines of "^ G^e'^ Gl molecule. 
Contd 
Contd 
J-t •p Qo Qj Qr 
58 ,07.66 28.65 50.16 
59 09.02 30.49 52.38 
60 10.46 32.37 54.63 
61 11.93 34.30 56.91 
62 13.45 36.26 59.22 
63 15.02 38.27 
64 40.28 
65 42.31 
66 44.35 
67 46.40 33147.63 33147.63 
68 48.47 49.84 49.84 
69 50.60 51.90 51.90 
70 52.78 54.16 54.16 
71 55.05 56.40 33157.26 56.40 
72 57.26 58.56 59.56 58.56 
73 59.56 60.96 61.89 60.96 
74 61.89 63.14 64.26 63.14 
75 64.26 65.56 66.66 65.56 
76 66.66 67.91 69.08 67.91 
77 69.08 70.38 71.70 70.38 
Contd 
68 
Contd 
J-i Q2 ^2 Q f Q^r ^12 
78 71.52 72.82 74.30 72.82 
79 73.99 75.39 76.96 75.39 
80 76.48 78.14 79.51 77.89 
81 78.9^ 80.76 82.01 80.20 
82 81,52 83.26 84.70 82.91 
83 84.08 85.98 87.44 85. §9 
84 86.67 88.72 89.99 88.25 
85 89.26 91.30 90.76 


The relative J numbering of the branches within a 
band is obtained till equations (9) and (10) are satisfied 
separately within experimental errors. The average of 
IS^I^iJ) and /^ P^ (J) has'.ibeen denoted by The 
absolute J numbering of the branches is fixed by plotting 
A-|5"(J) and against J and allowing the straight 
lines to out the abscissa sool-e J «• -1 • 
Determination of B and D« 
Substituting the expressions for in equations (5), 
(6)I (7) and (8) and neglecting the terms containing D» one 
has -
« 2 B^(J+1) ... (11) 
and 
A,P"(J) = 2 B^(J+1) ... (12) 
The Ai^'i(J) combination differences for 
the upper and lower states of each of the bands (0,1) and 
(0,0) are given in Tables VI and YII respectively* 
B^ and BJ for the two bands are obtained graphically^® 
from the curves representing A^P(J) versus J (Pigs. 4,5). 
The values of B^ and D^ for the (0,1) band have been also 
obtained from the curves (Pig. 6) representing -
A.P»(J) P 
— = against (J+1) 
(J+1) 
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TABLE VI 
Combination differences (in am"^) for the (0,1) band. 
J-i 
E(J)-Q(J) 
Aii-^CJ) 
Q(J+1)-P(J+1) 
(J) 
R(J)-Q(J+1) 
A^^(J) 
Q(J)-P(J+1) 
46 16.90 17.10 15.32 15.52 
47 17.35 17.52 15.80 15.97 
46 17.84 17.88 16.31 16.35 
49 18.55 18.11 16.77 16.53 
50 18.81 18.40 17.18 16.77 
51 19.23 18.75 17.49 17.01 
52 19.53 19.25 17.81 17.53 
53 19.86 19.73 18.08 17.95 
54 20.16 20.19 18.31 18.34 
55 20.44 20.48 18.50 18.54 
56 20.67 20.66 18.64 18.63 
57 20.88 20.90 18.74 18.76 
58 21.01 21.01 19.07 19.07 
59 21.39 21.25 19.35 19.21 
60 21.71 21. 57 19.66 19.52 
61 22.08 21.91 20.04 19.87 
62 22.50 20.45 
63 22.96 20.88 
64 23.41 21.28 
65 23.84 21.67 
Contd 
Contd 
J-i AiFjCJ) 
R(J)-Q(J) Q(J+1)-P(J+1) R(J)-Q(J+1) Q(J)-P(J+1) 
66 24.28 22.04 
67 24.66 22.39 
68 25.06 22.74 
69 25.44 23.08 
70 25.80 23.38 
71 26.12 23.66 
72 26.42 23.91 
73 26.73 24^20 
74 27.02 24.46 
75 27.29 24.68 
76 27.69 25.07 
77 28.11 25.43 
78 28.52 25.82 
79 28.93 26.21 
80 29.34 2b.60 
81 29.76 27VOO 
82 30u19 27.37 
83 30.56 27.74 
84 30.96 28.13 
85 31.26 28.39 
TABIE VII 
ComMnation differences (in om"^) for the (0,0) band 
R(J)-Q(J) Q(J+1)-P(J>1) R(j)-Q(ji+1) Q(J)-P(J+1) 
45 15.69 14.37 
44 16.20 14.84 
45 16.70 15.34 
4b 17.08 15.64 
47 17.44 15.97 
48 17.79 16.27 
49 18.16 16.59 
50 18.53 16.90 
51 ia.08 17.23 
32 19^26 17.65 
53 19.69 17.93 
54 19.98 18.29 
55 20.36 20.11 18.63 18.38 
56 20.73 20.55 18.97 18.79 
57 21.73 20.99 19.33 19.19 
58 21.51 21.47 19.67 19.63 
59 21.89 21.91 20.01 20.03 
60 22.26 22.37 20.33 20.44 
61 22.61 22.81 20.65 20.85 
62 22.96 23.25 20.95 21.24 


n 
and 
— against (J+l)'^  
(J+1) 
where the tem involving D^ has been retained in the 
rotational energy exi>ression. 
II 
The values of and obtained from ?ig«6 
agree fairly well with those obtained directly-from Fig.4 
within + 0,0006 om"^. The values of D' and D" obtained 
graphically are found to have the same order of magnitude 20 as those obtained empirically (Page 107)« 
Determination of the band origin ( t 
The band origin ( U^) for (0,1) and (0,0) bands, 
obtained from the curves representing Q2(J) versus J(J+1) 
(Figs. 7 and 8), are 32674.8 om~^ and 33075.9 cm"^  
respectively. 
The internuclear separations for the upper and lower 
electronic states have been calculated with the help of the 
expression. 
^ t2 
1 
r2 .... (13) s n c 
Determination of AG" and ^^ • 
i ® 
The magnitudes of o^ " and AGr" have been obtained e ii. 
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20 graphically from Fig* 9 representing the comhination 
differences between the corresponding lines of the R2 
branches of (u,l) and (0,0) bands against J(J+l). 
The values of and AG" so obtained are : 
i 
= 0.0010 (0.0010 om"^) 6 
AG^ 401.2 cm"^ (404.5 cm"^) 
The value of o(." written within bracket is evaluated e 
from the following expression, 
Bv = Be - ^ e ^^ ^  ^^ 
20 The value of calculated by the Pekeris relation e 
comes out to be O.OOO9 cm""^ . The AGJ value, written 
within bracket, las been taken from the present vibrational 
analysis. 
The final value of the spin splitting constant of the 
upper state has been taken as the average of its values 
obtained separately for the two bands under consideration 
with the help of the well known expression ^  
- = (15) • 
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The rotational constants obtained in the present case, 
are given in TableVIlU 
DISCUSSION 
It is clear from the structure of the ultraviolet 
bands of the GeCl molecule that the-> transition involved 
o o for the present band system may be B - X l\(a)» The 
2 21 parity of the B X state may be assigned only from the 
nature of combination defects i.e. ^R(J) - Q(J) - Q(J+1) + 
The state B may be even or odd according as 
combination defects are positive or negative respectively. 
Since the nature of combination defects for the two 
bands under investigation could not be obtained unambiguously 
due to large experimental errors, the parity of the state B 
could be assigned only by taking the analogy of the 
corresponding state of the SiCl molecule (Chapter I). The 
upper electronic state of the band system may, therefore, be 
2 + 
recognised as B and the B-X system may be assigned 
as due to the transition B X - X 
ELECTRONIC OONFIGU^TIOH 
The electronic configuration of the ground state of 
the GeCl molecule may be written as -
(le-TT)^  (x<r)2 {yy^) T^T 
TABLEVin 
Rotational constants of the B-X system of the 
CI molecule* 
Constant X ^113/2 B 
B^Ccm"^) 0.1625 0.1775 
r^(A) 2.091 2.000 
0.0010 6 
D X 10"'^ (cm^ ) -1.5 -2.2 
(cm"^) 0.016 
according to the established configuration of the ground 
state of the SiCl molecule. The present analysis shows 
that the inter-nuclear separation (r^) of the upper 
electronic state is less than the ground state separation 
However- the possible cor^iguration for the upper 
state B 
... (va-^  (xcr)^ ( xxcr ) 
should result in the higher internuclear separation of 
the upper state than that of the ground state because 
of the excitation of the electron from the bonding to an 
antibonding ( o r b i t a l than that of ground state. This 
is contrary to the observed fact. The electronic state B 
of the GeCl molecule, may, therefore, be identified as the 
T H ?? 
first member of the Rydberg series ' having the 
configuration, 
.... (^jS.-tt)'^  (xcr)^ (nscr) ^ 
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CHAPTER III 
Emission spectrum of the SiBr molecule. 
ABSTRACT 
The B-X system of the SiBr molecule has been 
photographed at low resolution. The P~heads can "be 
represented by the following formula : 
1;= 33572.7 + (575.3 u' - 4.0 u'^) 
- (425.4 u" - 1.5 u"^) 
where v + » u» 
The (0,2) and (0,3) bands of the same system are 
recorded at higher resolution also. The rotational 
analysis of these bands has been performed and the 
p Q 7 0 constants of the Si Br molecule are given be^ow: 
BQ(cm"''') r^d) QCg(cm"''') ^(cm~'') q(cm'''') DiovT'^ ) 
B ^^"^0.1804 2.120 - 0.008 - -0.5x10® 
X 0.1679 2.198 0.0019 - 0.0007 -6.6x10® 
INTRODUGTIOI 
The bands of the B-X system of the SiBr molecule, 
lying in the region XX3200 - 2850 A, were first observed 
1 
by Miescher in an electrodeless discharge tube. All the 
bands were included in a single system. The final 
electronic state of the B-X system was established as the ground state, following the investigations by 
2 3 4 S fe 7 Jevons ) Ferguson , Morgan , Rochester , Popov * , 
8 Q Johnson et al. and Neujmin on the halides of group -IV(b) 
elements. In these investigations it was believed that 
O 
only one of the two components of the T^Ca) ground state 
was present in the observed band systems of SiBr, PbF, PbCl 
and PbBr molecules. Jevons et al]^ rephotographed the 
B-X system of SiBr in a high current transformer discharge 
in order to ascertain the presence of both the components 
2 2 
( "W^ and ^^^ ground state. He observed 
that the (0,2), (0,1) and (1,1) bands of the Miescher's^ 
analysis were close doublets. The additional heads were 
identified as the bands belonging to the missing subsystem 
B-X 
In order to verify the identity of these above 
mentioned additional heads as reported by Jevons et al^® 
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as well as to look for the other hands of the missing 
suhsystem B-X IV » present investigation has "been 
under—taken. This has been further necessitated because 
extensive corresponding subsystems have been observed intf^ j, 
case of SiP, SiCl and GeCl molecules. 
The B-X system of the SiBr molecule has been 
rephotographed at a high resolution also for a careful 
investigation of the existing anamoly. This chapter 
d.ea.is«i>iviWthe vibrational and rotational analyses of the 
ultraviolet bands of the SiBr molecule. 
ErPERIMEMTAI DETAILS 
The ultraviolet bands of the SiBr molecule have been 
excited in the high»current transformer discharge. The 
vapour,' of silicon tetrabromide flown continuously 
through the discharge tube. A liquid nitrogen trap has 
been used before the rotary pump to protect its oil from 
contamination, '-^'he bands are recorded when the colour 
of the discharge is bluish. 
The bands are photographed in the first and fourth 
orders of the Jarrell-Ash grating spectrograph at 5.0 A/mm 
e and O.V- A/mm reciprosral dispersions respectively. 
- 1.0 
I-I-.O 
1.1 
o, o 
2,5 
u pp •H CQ 
«H 0 
1 
m >5 
CD JO pi 
CD 
CM 
CJ 
X 
(» 
2,6 W) 
1.7 
0.5 
The exposure times required in the two experimente are 
about two and twelve hours. The measurements are done 
with the help of Carl - Zeiss Abbe comparator usir*g 
iron spectrm as standard. The wavelengths of the iron 
11 lines are obtained from the Wavelength Table' and 
vaouiaa waventuabers of the rotational lines are taken from 
12 the Table of Wavenumbers. The accuracy of the band 
—1 
head measurements is of the order of + 1.0 cia while 
the accuracy, with which the positions of sharp and 
diffuse lines are known, is of the order of + 0.08 cm""'' 
and ±0*15 cm"^ res-pectively. 
VIBRATIONAL AHALYSIS 
The enlargement of the first order spectrxim of the 
ultraviolet bands of SlBr is shown in Pig.l, The bands 
are double headed and are degraded to violet. The separation 
between the two heads of each band lies within 2.8 to 3.8 cm""! 
It appears that the two heads of the bands, arising due 
to P and Q branches, are characteristic heads of the 
transition involved. Therefore, the additional heads 
observed by Jevons et a l P in the (0^2)r (0,1) and (1,1) 
bands of Miescher's^ analysis could not be assigned 
0 ' uniquely as the bands of the missing subsystem B-X TT^^g* 
* However the heads of (0,0), (0,1) and (0,2) bands of subsystem 
B-X can be identified respectively in the fourth order spectra 
of (0,1), (0,2) and (0,3) bands of subsystem B - X T h e heads 
of these aforesaid bands of both the subsystems are shov^ in the 
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The "band heads have been tabulated in Table I. The 
P-heads of the bands^can be represented by the formula: 
l>= 33572.7 + (575.3 u' - 4^ .0 u'^) 
- (425.4 u" - 1.5 .... (1) 
where v » u# 
The relative abundance of silicon and bromine isotopes 
are 
: ^^Si : = 92.2 : 4.b : 3.0 
and 
"^ B^r : ^ ''sr = 50.5 : 49.4 
Therefore the abundance ratios of all the isotopic 
molecules may be given by: 
"^ B^r : ®''Br = 100 ; 97.8 : 4.9 : 4.8 : 3.3 : 3.2 
It can be shown from the above data that out of all 
28 7Q 
possible isotopic species the molecules Si Br and 
28 81 
Si Br will be relatively in more abundance. However, 
the shifts due to bromine isotopes could not be observed 
in the first order spectrum. The observed shifts, in the 
heads of these i^ olgculeg in (0,2) and (0,3) bands. 
TABIE I 
Band head data of the B-X^system of SiBr. 
X. ' 
XT! V" Yisually Estimated 
Intensity Present 
)) (cm""^ ) 
Jevons 
0 
2 
0 
1 
2 
0 
1 
2 
0 
1 
6 
7 
4 
5 
6 
3 
4 
5 
2 
3 
0 
1 
0 
3 
4 
1 
6 
5 
1 
9 
3 
31565.0 
31720.5 
31723.5 
31876.4 
31975.3 
3197a.3 
3 2 1 3 0 . 0 
3 2 1 3 2 . 8 
32278.8 
32389.6 
32392.4 
32540.8 
32543.8 
32688.0 
32805.8 
32808.6 
32954.5 
31561.6 
31712.4 31720.0 
31868.8 
31974.1 
32129.0 
32285.6 
32386.8 
32539.5 
32691.3 
32802.3 
32806.3 
32954.0 
Contd 
Oontd 
xr« Visually Estimated 
Intensity Present Jevons 
0 1 8 53225.1 33227.9 
33222.1 
33225.7 
1 2 1 33371.3 33371.6 
0 0 5 33647.2 33650.0 33645.6 
1 1 6 33790.9 33794.7 
33788.5 
33793.5 
1 0 3 34213^3 34216.4 34213.3 
2 1 1 34348.1 34351.3 
2 0 1 34770.8 34772.9 
•H CQ 
«H O 
'i 
CM 
O 
<H O 
-P O 
o ft £0 
CD 13 
o •p 
o 
«H 
0) 
«H 0 
0) 
1 bO 
(D 
<D XJ EH 
CO « 
fc>0 •H 
c 
obtained from the fourth order spectrai, are found 
to "be in fair agreement with the. • calculated values aaa(kccte 
shown below : 
Band Observed > Calculated 
shifts shifts 
(0,2) -2.8 cm""' - 3.0 cm""" 
(0,3) -5.0 cm""^  - 4.8 cm"^ 
BOTATIONAL STRUCCTRE 
The enlargements of the fourth order spectra of 
(0,2) and (0,3) bands are shown in Pigs. 2 and 3 respect-
ively. The fine structure of bo^h the bands under consi-
I 
deration do not show any kind of overlapping from other 
bands. ^ e analysis of these bands is taken 
up as if the bands ia the region XX 3200 •—2850 -1 belong 
exclusively to the subsystem B-X 1/2 * iJ^  
view that^^^nal electronic state of these bands is ^T\(a) 
13 
and following the arguments of Verma , which are ascer-
tained by the observed fine structure in th^resent case, 2 the upper state of ^the transition can only be state. 
28 79* The P-j and Q^  heads of Si Br and the corresponding 
pp 01 
heads of the Si Br molecule are marked in Pigs. 
2 and 3. 
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ROTATIOUAL ANALYSIS 
The rotational analysis of the bands si^ performed 
with the help of the following expression^f 
R(J) - P(J) = AgP'CJ) (2) 
R(J-1) - P(J+1) = A2F"(J) • (3) 
The relative numbering of the branches in the two 
bands is varied until the upper state oombination differen-
ces of the two bands agree for each J value. The absolute 
numbering of the branches is fixed by plotting/^^^fCj) 
against J for each band separately and allowing the straight 
lines to cut the abscissa at J = - i . The positions 
of the branches of (0,2) and (0,3) bands are tabulated in 
Tables II and III respectively. The combinations, 
differences of th^wo bands are given in Table IV« 
Determination of constants : 
The B^ values for the two bands are obtained graphically 
from Pigs. 4 and 5, representing against J and 
is obtained from the difference Bg - B^, 
The combination differences of the corresponding lines 
of the Q^  branches of (0,2) and (0,3) bands can be represented 
by -


TABIB II 
The (0,2) band of 
J-i n % ^21 
30 ^2820.60 
31 21 .60 34.62 
32 22.61 36.02 
33 23.76 37.53 
34 24.99 39.04 
35 26.24 40.55 
36 27.18 -
37 28.47 43.79 
38 29.89 45.19 
39 30.74 46.70 
40 31.92 48.43 
41 33.22 50.15 
42 32820.60 34.62 51.88 
43 21.60 3b.02 53.72 
44 22.61 37.53 55.66 
45 23.76 39.04 57.50 32865.10 
46 24.99 40.55 59.44 67.60 
47 26. 24 - 61.38 69.81 
48 27.53 43.79 63.33 72.08 
is the Q| braxtoh of ^ S^^B/moleoule. 
Contd 
J-i Sr 
49 28.85 45.19 65.38 74.25 
50 30.15 46.70 67.40 76.42 
51 31.49 48.43 69.49 78.61 
52 32.80 50.15 71.65 80.85 
53 34.19 51.88 73.88 83.15 
54 35.59 53.22 75.97 85.51 
55 37.00 55.66 78.14 87.90 
56 38.38 57.50 80.31 96.36 
57 40.03 59.44 82.53 92.85 
58 41.76 61.38 84.84 95.34 
59 43.60 63.33 87.22 97.93 
60 45.40 65.38 89.70 32900.61 
61 47.25 67.47 92.20 02.95 
62 49.20 69.49 94.58 05.62 
63 51.02 71.65 97.18 08.32 
64 52.85 73.88 99.80 11.09 
65 54.67 75.97 32902.37 13.89 
66 56.63 78.14 04.97 16.80 
67 58.47 80.38 07.68 19.74 
68 60.41 82.57 10.39 22.70 
69 62.46 84.90 13.10 25.69 
Contd 
92 
Contd 
J-i ^21 ^21 
nr\ » V 64,52 87.22 16.02 28.90 
71 66.57 89.60 18.73 31.74 
72 68.73 92.22 21.66 34.80 
75- 70-94- 2 4 ^ 
74 73.12 97.18 27.51 40.79 
75 75.38 99.80 30.44 43.86 
76 77.58 32902.37 33.48 47.01 
77 04.97 3b.83 50.19 
78 07.68 39.77 53.43 
79 10.39 43.03 56.78 
80 13.10 46.18 b0.02 
81 16.02 49.22 32917.99 
82 18.73 52.69 20.86 
83 21.66 55.95 23.81 
84 24.58 58.89 32924.03 26.90 
85 27.51 62.25 27.01 -
86 30.44 65.50 29.90 32.20 
87 33.45 32.86 35.49 
88 36.69 35.92 38.59 
Contd 
Contd 
J-i Qp ^21 
89 39.77 38.99 41.78 
90 42.93 42.12 44.90 
91 46.18 45.33 -
92 49.22 48.49 51.30 
93 52.50 51.69 54.54 
94 55.80 54.92 57.79 
95 59.06 58.20 60.89 
96 62.35 61.50 
TABLE III 
The (0,3) band of 
J-i P, Q, R^ Q^ 
30 32406.76 
31 07.81 
32 08.96 
33 10.12 
34 11.48 
35 12.51 
36 13.80 
37 14.95 32431.67 
38 16.32 33.46 
39 32405.79 17.69 35.28 
40 06.95 18.85 37.04 
41 08.10 20.53 38.72 
42 09.25 22.10 40.62 
43 10.35 23.47 42.51 
44 11.69 25.05 44.51 
45 12.85 26.62 46.51 
Q^ is the Q^  branch of the molecule. 
Contd 
95 
Contd 
4b 14.10 28.31 48.62 
47 15.46 29.99 50.62 
48 16.84 31.67 52.83 
49 18.32 33.46 54.83 
50 19.80 35.28 57.20 
51 21.37 37.04 59.50 
52 22.84 38.72 61.80 
53 24.42 40.62 64.11 
54 26.16 42.51 66.44 
55 27.78 44.55 68.80 
56 29.57 46.51 71.21 
57 31.25 48.62 73.69 
58 33.04 50.62 76.25 
59 34.90 52.83 78.77 
60 36.85 54.83 81.41 
fa1 39.04 57.05 84.04 
62 41.14 59.26 86.79 
63 43.04 61.37 89.43 
64 45.15 63.69 92.18 
65 47.25 66.11 95.03 
J-i P, E, 
Contd 
96 
Contd 
J-i Qp 
66 49.36 68.43 97.77 
67 51.57 70.86 32500.73 
68 53.68 73.28 03.69 
69 55.99 75.82 06.65 
70 58.21 78.29 09.61 32482.30 
71 60.52 „ 80.77 12.57 84.92 
72 62»84 83.31 15.53 87.63 
73 65.16 85.94 18.58 90.38 
74 67.52 88.58 21.69 93.02 
75 69.99 91.33 95.58 
76 94.04 32494.04 98.35 
77 96.93 9b.93 32501.13 
78 99.89 99.50 03.98 
79 32502.89 32502.32 06.92 
80 05.86 05.20 99.99 
81 08.90 08.13 13.02 
82 11.92 11.09 16.09 
83 14.99 14.15 20.12 
84 18.03 17.21 
85 21.10 20.32 
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TABLE IV 
-1 combination differences (in cm'" ) for the (0,3) 
and (0,2) bands. 
(0,3) (0,2) 
AgFHJ) A^F'KJ) 
3B 25.88 
39 29.49 26.51 
40 30.09 27.18 
41 30.62 27.79 
42 31.37 2b.37 31.28 
43 32.16 28.93 32.12 29.27 
44 32.82 29.66 33.05 29.96 
45 33.66 30.41 33.74 30.67 
46 34.52 31.05 34.45 31.26 
47 35.16 31.78 35.14 31.91 
48 35.99 32.30 35.20 32.53 
49 36.51 33.03 36.53 33.1« 
50 37.40 33.46 37.25 33.89 
51 38.13 34.36 38.00 34.60 
52 38.96 35.08 38.85 35.30 
53 39.69 35.64 39.69 36.06 
54 40.28 36.33 40.38 36.88 
55 41.02 36.87 41.14 37.59 
56 41.64 3Y.55 41.93 38.11 
57 42.44 38.17 42.50 38.55 
58 43.21 38.79 43.08 38.93 
Contd,... 
Contd< 
(0,3) (0,2) 
59 43.87 39.40 43.52 39.44 
6 0 44.56 39.73 44.30 39.97 
61 45.00 4O.27 44.95 40.50 
62 45.65 41.00 45.38 41.18 
63 46.39 41.b4 46.16 41.73 
64 47.03 42.18 46.95 42.51 
65 47.78 42.82 47.70 43.17 
66 48.41 43.46 48.54 43.90 
67 49.16 4 4 . 0 9 49.21 44.56 
68 50.01 44.74 49.98 45.22 
69 50.66 45.48 50.64 45.87 
70 51.40 46.13 51.50 46.53 
71 52.05 46.77 52.16 47.29 
72 52.69 47.41 52.93 47.82 
73 53.42 48.01 53.67 48.54 
74 54.17 48.59 54.39 49.20 
75 55.90 
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The values of ^e s^ive 'lDeeii obtained 
graphically from Fig. 6 representing ^ QQ^gCJ) -
against J(J+1) and are given below : 
= (416.3 
ca" = 0.0016 cm"^(0.0019 om"^) 
The values of and given within brackets 
have been taken respectively from the vibrational analysis 
and from the difference of B^ and B^ which are obtained 
from Pigs. 4 and 5. 
The D values of both the states are evaluated with 
the help of the following expression -
D ^ c - D ^ ^ - i s L . ... (5) 
The band origins ( iJ^ ) for (0,2) and (0,5) bands are 
worked out respectively.from Pigs. 7 and 8, representing 
Q^(J) against J(J+l). The values of the band origins for 
- 1 - 1 
these bands are 32«05.b cm and 32388.7 cm respectively. 
Determination of q and V : 
A rough estimate of the coefficient of f\- type 2 doubling (q) for the determined with the 

r . 
1 
1 A help of the expression , 
=qJ(J+1) ... (6) 
vvhere (z ? the sum of /\-type doubling of the levels J and 
(J+1), can he expressed wltn the help of the rollov/j.ng 
relations -
R(J) - Q(J} = Q(J4-1) - P(J+1) ... (Y) 
R(J) - Q(J+1)= QCJ) - PCJ+1) ... (8) 
Tne spin splitting constant of the upper electronic 
15 state is determined using the following expression , 
Q^(J) - == ^^ ^ 
The internuclear separations of "both the states are 
determined v/ith the help of the conventional expression^ 
The ground state internuclear separation (r ) comes out to 
o 
be 2.iy2 A which is in very good agreement with the value 
obtained by Maxwell^^ from his electronic diffraction 
experiments. 
The constants determined in the present case are 
given in Table V. 
DISCUSSION 
It has been concluded irom the arguments given earlier 
tnat the bands arise due to B Z -X ^transition. The 
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TABIE V 
Molecular constants for the B-X system of 
Constant State X ^TTi B ^  51 
BqCcih'"'') 0.1 b7g 0.180^ 
o 
» 
) 2,198 2.120 
q(cm"^) 0.0007 
^^ (cm""'') 0.0019 
(cm"^) - 0.008 
D(om"'') ^0.5x10"® c^b.6 X 10 ,-8 
1-02 
state can exist as ^  or ^ T Tooth can combine 
separately with the state. The positive sign of the 
combination defect i.e,^H(J) - Q(J) - Q(J+1) + P(J+l)^for 
each J value suggests that the upper state of the transition 
can only he the state. The transition for the ultraviolet 
bands of^ S^iBr molecule can, therefore, be identified as 
B - X ^ TTx. 
'S 
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CHAPTER IV 
The relative vibrational transition probabilities for 
the bands of A-X systems of BeP and BF molecules. 
ABSTRACT 
Relative vibrational transition probabilities and 
r - centroids for some or the bands of the A - X systems 
of monofluorides of beryllium and boron have been calculated. 
Morse potentials been used for the participating states. 
The calculated vibrational transition probabilities for the 
two band system.s are found to be in fair agreement with their 
observed intensity distributions. 
The variation of electronic transition moment with the 
internuclear separation for the bands of the BF molecule has 
been studied and is represented by 
RgCr^.^n) = Const exp ( L).2U!? r ) 
within the range -1.20 A<^  r < 1.45 A. It is found that the 
electronic transition moment varies nonlinearly with the 
internuclear separation. 
INTRODUCTION 
The molecular parameters like life-time, transition 
probability, r - centroid and the eleotronio transition 
moment are of considerable value in interpreting the 
intensity distribution among the bands of a system as 
a 
well as for>t«ttcif understanding of various astrophysical phe-
nomena. Some of these parameters can be obtained 
experimentally by measuring the absolute intensities of 
the bands and theoretically by calculating the overlap-
integrals expressed as -
•Jo 
where ^^ and ^ ^^ '^ are the vibrational wave functions 
for the levels v' and v" respectively. The intensity 
measurement data are often quite inaccurate particulary 
in cases where bands are overlapped or when the blending 
of rotational structure takes place. The accuracy of the 
theoretically obtained parameters generally depends upon 
the potential function and the molecular constants used 
in these calculations. 
Fraser et.all had suggested an approximate method 
for the calculation of overlap integrals. The results 
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obtained with this approximate method were found to 
be in good agreement with those obtained by the long 
and tedious numerical integration of the overlap 
2 
integrals. Jarmain et al. further extended the above 
method to include the oases v/here calculations could 
not be done directly by the method of Eraser et al! 
The relative vibrational transition probabilities i.e. 
the square of overlap integrals, for the bands of A-X 
systems of each of the BeP and BF molecules are calculated 
1 2 v/ith the methods outlined by Fraser and Jarm^. 
The r - centroids of the bands of "the aforesaid 
systems of BeF and BF molecules are evaluated by the 
graphical method outlined by Nicholll. 
The variation of the electronic transition moment 
with the internuclear separation for the A-X -system 
of the BF molecule has been studied by the method of 
F:|Lcholls^  using the visually estimated intensities 
of the bands. 
The present chapter deals with the calculation 
of the relative transition probabilities aM r -centroidg ; 
for the bands of the A - X systems of BeF and BF molecules. 
The variation of the electronic transition moment of the 
A-X system of BP molecule is also discussed. 
n 
Overlap integrals 
The intensity of a "band obtained in emission can 
be represented by -
U •'o 
where C is a constant depending upon the geometry of the 
system and units employed, is the molecular population 
of the level v' in the experiment, ^ and rlre vibrational 
wave functions for levels v' and v" respectively, U^iyii 
is the energy separation between v' and v" vibrational 
levels and R^ is the electronic transition moment. 
Considering R (r , „) to be a slowly and smoothly 
varying function of , Eq.l2) can be written as 
V... = \ C ^^ -
is the square of the overlap integral which is known as 
the vibrational transition probability associated with 
the v' ~ v" transition. The band strength P^t^n is 
defined as -
2 
= Rg ( r^.^J (5) 
In order to evaluate vibrational transition 
probabilities for the bands of the A-X system of each 
of the BeP and BP molecules, the two states in each, case 
are assumed to be fairly well represented by the Morse 
potential function, e.g. 
r ) = Dj. 1 - exp ^  (r - ( 6 ) 
where the subscript i corresponds to the electronic state 
5 1 or 2. The vibrational wave functions are represented by 
ZL --9 
ir^f ± [ D r i i ^ CI) 
where 
G^eXe.) i 
•a 
1 Praser et al. had suggested that the expression 
for ' . . overlap integral,' could be integrated only 
if oC^  and oL.^  were replaced by their arithematic meano(. 
The parameters K, A etc. were also modified according to 
the new value of-< . The fiml expression of Praser et all, 
representing the ratio of the overlap integrals (v', v") 
and (0,0), used in the present calculations, may be given by -
cp.o) a-=o rCK-\) 
r c K - 0 VO\\V\ 
eo.o) = 1 LPJ 
Ki-1 
L i 
•"•Clo) 
The results obtained by the above metinod were 
found to be reliable only as long as 
_ s 7 . 
where oCis the arithj^ matic mean of oi^.^  andc<2* One of the 
distortions introduced by the above approximation was the 
displacement of vibrational wave functions towards a smaller 
or larger r value dependirg upon the direction of the 
change of andcx:^  . An improvement suggested by Jaimain 
2 
et al. was to shift the new potentials by changing the 
r values in such a way that the "new" wave functions were approximately in the position of the "old" one. 
2 The r - shift method, developed by Jarmain et al; , 
has been used in calculating the transition probabilities 
of the BP molecule. 
RESULTS 
The basic molecular constants ^^ Xe ^e 
(from Herzberg^) and -tile modified parameters K, o^  and 
for both the states of BeP and BP molecules are given in 
Table I. The relative vibrational transition probabilities 
for the bands of the A-X systems of each of the BeP and BP 
molecules are given in Tables II & III respectively. 
r -centroids : 
The r - centroid of a band is defined by 
(v',r,v") 
U ' ,v") ~ — ... (11) 
and is said to be an average internuciear separation 
associated with v'-v" transition. 
where (V,v«) = T '^ V 
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TABLE II 
Relative vibrational transition probabilities for the 
bands of A-X system of the BeF molecule. 
0 
1 
2 
3 
0.856b 
0.1007 
0.0065 
0.0000 
0.1050 0.0045 
0.5454 0.1928 
0.1348 0.2534 
0.0197 0.2102 
0,0000 
0.0193 
0.1895 
TABIE III 
Relative vibrational transition probabilities for the 
bands of the A-X system of BP molecule. 
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0 0.7754 0.2036 0.0168 0.0051 
1 0.1805 0.4458 0.3632 0.0159 
2 0.0306 0.2629 0.1502 0.4015 
3 0.0045 0.0231 0.0737 
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and 
The r-oentroids of the bands of the two molecules 
BeF and BF are evaluated' "by the graphical method of 
3 
Uioholls. The Schrodinger equation which represents the 
molecule in levels v' and v" is given "by -
---ca) 
where (r) and V2 (r) are the potentials of the two 
states' while E^, and are the vibrational energies 
under consideration. A.ss\iHiing (r) - (r^jto be a 
slowly and smoothly varying function of r, the equation (12) 
can be written as -
E^, - = - V^Ci^,^,,) .... (13) 
Substituting the Morse type potentials for V^(r) and 
one has , 
V" = 
-Dr 
1 
(14) 
where D = 
and E,^  = li!)^(v+-|) - lO X (;v+i) V " G G - c\s:) 
X 
-i? 
U4 
i 
Si 
I I 
± J. 0009+ 000Z+ 0001 • 0 0001- 0007- oooc-
000S+ 0003+ OOOI+ 0 001-
3 7 ^ 
The right hand side of Equation(H) is calculated and is plotted 
as function of r over a lajrge range of r. These curves for 
BeP and BP molecules are shown in Pigs 1 and 2 respectively. 
The differences E^, - for different bands in both the 
cases are obtained with the help of equation(15) by using the 
molecular constants given in Table 1. The values of r^ty» 
appropriate to each energy difference (E^i-E^h) for the 
BeP and BP molecules are obtained from Pigs. 1 and 2 
respeotively- The results thus obtained are tabulated in 
Tables IV and Y respectively. The wave-lengths of the 
7 
bands mentioned in Table IV are taken from Jevons while 
the wave-lengths of the bands of BP molecule are calculated 
using the constants from Herzbergi 
The curves representing against for 
the fluorides of beryllium and boron are shown in Pig§.3 
and ^ respectively* 
Electronic transitions moment -
Nicholls^ expressed the photographic density D^of the 
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"bands with the help of the e23)re9sion, 
(16) 
considering that the characteristic properties of the 
photographic plate used in the spectrum is roughly linear. 
The factors and respectively are the contrast and 
inertia of the emulsion at wavelength while I^ iytt is 
the integrated band intensity. 
Hhe action of the eye was compared with the photocell 
of a micro densitometer where the estimated "blackening 
B^ was found to "be related to the photographic density 
according to the relation -
®>N = const + CD^ (17) 
Substituting the expression for from equation(3)f one 
gets : 
B^ = const -f S^[const + logN^,+ logq^ ,^ ,,- 41og>^,^„ 
+ 21ogRg(*^,^„) - log I^J (18) 
where = C 
The average of the slopes of the straight lines, 
representing B ^ against logq^ ,^ ,, - for 
f-J' •H— ' ^ 
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different v" progressions, gives the value of G . It can 
be shown that the curve, 
B, 
against for each v" progression is equivalent to 
the plot of lo^^, + 21og + const, against 
The correction due to the log Hy term has "been made hy 
the method of rescaling of the ordinates of the above 
mentioned plotts in wuch a way that a smooth curve could 
be drawn through the displaced points. 
The eye estimated intensities of the bands of the 
8 
BF molecule are taken from the spectrum given by Chretien . 
Using the calculated values of , <iy.»yH and "the 
eye estimated intensity (B^ ) at the wavelength 
the variation of electronic transition moment 
with has been studied. The curve, shown in Pig.5» 
is found to be consistent with the relation -
= const. exp.( 0.205 r) 
within the range 1.2oK<( r < 1.45 A . 
The band strengths,scaled to P^^ = 1000, of the bands 
of BP molecule are given in Table Tt 
1 
TABLE VI 
Smoothed transition probabilities for the A~X system of BP 
molecule. 
\ 0 
1000 271 23 
227 577 481 22 
330 198 539 
r 
29 51 
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DISCUSSION 
The results presented in Table II on the BeP molecule 
explain satisfactorily the termination of the v' « o 
progression at v" = 2 and v" = o progression at v* = 2. 
The rapid decrease of the values of the transition 
probabilities along the Av = o sequence also supports 
the non-occurranee of the higher members of this sequence. 
The relative vibrational transition probabilities of the 
bands of the BF molecule are in fair agreement with the 
observed intensity distribution. 
As is clear from Figs. 3 and 4, the r-centroid 
is found to be increasing function of the wave-
length in each of the two molecules. 
In order to justify the use of Morse potential function:' 
for the present calculations, the turning points- calculated 
on the basis of Morse function.^are compared (Table VII) 
with the corresponding values obtained by Singh and iRaii^. 
The turning points calculated for Morse as well as for 
R.K.R. curve of the BF molecule are given in Table VIII 
for comparison. 
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TABLE VII 
Comparison of the turning points for the A-X system 
of the BeP molecule. 
r (1) m m max 
Morse RKRV Morse RKRV 
0 1.299 1.299 1.430 1.432 
1 1.258 1.259 1.488 1.489 
2 1.232 1.233 1.531 1.532 
3 1.212 1.213 1.568 1.570 
4 1.195 1.196 1.602 1.604 
5 1.180 1.182 1.632 1.633 
6 1.168 1.170 1.664 1.666 
0 1.330 1.330 1.467 1.467 
1 1.287 1.207 1.527 1.527 
2 1.260 1.260 1.571 1.572 
3 1.239 1.240 1.609 1.611 
4 1.221 1.222 1.645 1.646 
5 1.207 1.208 1.678 1.679 
6 1.193 1.195 1.709 1.711 
12 4 
TABIE VIII 
Comparison of the turning points for the A-X system 
of the BP molecule. 
Morse RKR Morse HKB 
X 
0 1,207 1.207 1.324 1.324 
1 1.1Y1 1.170 1.376 1.376 
2 1.148 1.148 1.414 1.415 
3 1.130 1.129 1.448 1.448 
4 1.115 1.115 1.478 1.479 
A^TA 
0 1.247 1.245 1.3Y0 1.369 
1 1.210 1.208 1.426 1.425 
2 1.186 1.183 1.468 1.466 
3 1.168 1.166 1.505 1.504 
4 1.155 1.157 1.540 1.538 
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SUMMARY 
. The ttiesis entitled " Spectroscopic Study of Some 
Diatomic Molecules submitted to the Aiigarh Muslim 
University, Aiigarh, Inaia Jtias "been dxvxded into four 
chapters. The summary of tne thesis is given below. 
The emission spectrum ol the SiCl molecule lying in 
O 
the regJLonX\:5l YU-2 ^ 70 A bas been obtainea in iirst order 
of the Jarrell-Ash grating spectrograph. The revised 
vibrational constants oi the B-X system can be represented by 
1^= ( 708.1 u' - 4.2 u'^) - (534.8 u" - 2.1 u"^) 
where u = + 
The fine structure of ( 1,0) , (0,0) and (0,1) bands 
of subsystem B-X ^^ well as that of the (0,0) band 
of subsystem B-X IV^ has been photograpned in the third order 
of the same spectrograph. The rotational analysis of these bands 
has been performed and the constants of ^^ Si^ -'ci molecule are 
given helow : 
B^ (cm"'') r^d) ^(cm""") o^ C^cm""') Dxlu'^cm"') 
^'2555 2.057 - 0.0025 ^ 1 . 3 
X I^T^  0.2551 - - -
n7i 0.0098 0.0016 rs.2.1 
mv, „ XiXvJ 
% 
le system has been assigned as due to B^^ -X ^ l^ loj) 
transition. 
Tke B-X system uf the GeCl molecule lying in the 
o 
region )sX3202 - 2847 A has been reoordea in the first order 
of the Jarrell~Ash grating spectrograph. The vibrational 
constants of the upper electronic state has been revised. 
The band heads can be represented by : 
wnere u = 
The and (u,0) bands of subsystem B-X IT3/2 sxe 
recorded in the fourth oraer of the same spectrograph. The 
rotational analysis of these bands has led to the determination 
of following constants of ^^ Ge^ -'Ci molecule : 
B^ Ccm"''; r^d; oi^icm'^) Dxlu'"'^ ! cm"'') ?(cm~'') 
B U . 1 7 7 5 2 . 0 0 0 - 1 . 5 0 . 0 1 6 
X 2.091 0.0010 rv.2.3 
Tne bands of the B-X system SiBr moleculef have been 
recorded in the first and fourth orders of the Jarrell-Ash 
grating spectrograph. The rotational analysis of the (u,2) 
and {Of'}) oands of subsystem B-X^Hi has been performed 
28 79 and the constants of Si Br molecule are given as follows : 
B^ (cm""'') r^lc^) ^ f oin~'') q( cm"') Ixiu"^ 
J3 ^ ^ 0.1804 2.120 - 0.008 - ^0.5 
X l^i; 0.1679 2.198 0.0019 - 0,0007 -^6.6 
The relative vihraiional transition probahiiities and 
and r-centroids for some hands of the A-X systems of 
monofluorldes of 'berylliiam and "boron have been calculated 
The calculated values of the vibrational transition probabilities 
for both the molecules are found to be in fair agreement with 
their observed intensity distributions. 
The variation of the electronic transition moment 
R (r) with the internuclear separation for the bands of 
BP molecule has been studied and is represented by 
= const exp (0.205 r) 
within the range 1.20 I<^r<1.45 A. It is found that the 
electronic transition moment varies nonlinearly with the 
internuclear separation. 
